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~ 
with unvarying accurac 
ying t 
and unequaled speed 

Glance at the tabulation below. It’s an accurate com- over the entire chart range — not merely single point 
parison of the time taken to cover the same portion of calibration. It is the combination of these two qualities 
the scale of five recording thermometers of the same that guarantees a precise time-temperature record, a 
type, but of different manufacture. This superior precision which can be attained in no other way. 
Foxboro Thermometer assures you the necessary Foxboro certifies each instrument. The quality of 
speed to record any process temperature change. workmanship, the design, and engineering skill all aid 
[RESPONSIVENESS CHART _| Hand -in- hand in assuring this unequaled response and accuracy 
__- _— tn pe with this unap- over long periods of time. 
[aeconpme rns proached response For truly economical performance users in every 
=. 8 | 42 : Fa 37 Foxboro gives you branch of industry agree that it pays to specif 
q zoo : | - = — bull's-eye accuracy Foxboro. Write for Bulletin 198. 
|_musenoncree_ ©] 

















THE FOXBORO COMPANY 
46 Neponset Avenue 
Foxboro, Mass.,U.S.A. 


Branches in 25 Principal Cities 


Responsiveness, which complements Fox 
Doro accuracy, is Clearly shown in the table 
above—a record of the time taken to cove 
the same portion of the scale of five Record 
ng Vapor Pressure Type Thermometers of 
different manufacture. Foxboro thermometers 
are more responsive under al! bulb instal- 


ation conditions 
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IN THIS ISSUE 


benefits of teamwork are. illus 

by this month’s first five articles 

ire privileged to publish them by 
son of our coéperation with the SAE, 
Forest Products Laboratory, the Na 
Bureau of Standards, the NACA, 
Qur part is merely to bring together 
who can define a problem, those 
can deseribe the instrumental solu 
ind those who ean manufacture it: 
hese are the three groups deserving 
Some of the articles report fine 


ork done before we were asked to 
» into the picture. 

There’s a fourth group: readers who 
ell their local newspapers about Tnstru 
fs articles of public interest. Several 
e thus given general publicity to 
ious Driving Skill and Riding Com 
\i t articles and have sent us the news 

per clippings. Good work! 
Brown’s Table I (page 279) and Tea’s 
rts (page 281) are of particular 
lue. But why don’t experts rate the 
juency factor? We find 2 ¢p.s. most 
mnfortable and are disturbed by oscilla 


Z faster or slower (other 


ns D(C 
equal). So, no doubt, do most 
er drivers whose walking cadence is 


il 


talph Batecher continues explaining 
Oo make a eathode-ray tube draw 


res of evelic phenomena 


r ‘control’ part of “Electrical 
surements and Control” concludes 
me ith 


rHE MODEL BASIN 


lt st month’s editorial we presented 
case of America’s need for a modern 

del Basin. It has been a pleasure to 
ive your thanks—a joy to receiv 

ers from such men as, for instance, 
miral Land, the Navy’s Chief Con 
We made a slip, though: Con 

tan Vinson, the patriotic Chairman 

he House Naval Affairs Committee, 

s that the Model Basin Bill itselt 





enacted: what is now necessary is 
‘pper ypriation of funds. “not to ex 
3,500,000" as the Act reads. So 
se write to your Senators and Rep 


tives, reminding them that this 

nt is urgently needed to start. the 

nstruction of a laboratory much needed 
National Defense 


“ANY QUESTIONS?” 


N the course of your measurement and control work, 

vou meet problems every single day. Some are both 

easy and unimportant, like deciding whether to usc 
rubber tubing or install permanent copper tubing. Som« 
are Important, especially when they have a bearing on 
production costs or on the outcome of a research project 
In such cases, whether the problem seems easy or difficult, 
you seek not merely “an answer” but “the One Best Wav” 
vou do not make a snap decision but search your memory, 
your notes, your bookshelves and data files; and som« 
times you communicate with other departments or with 
outside sources of information, such as Instruments 


So do four thousand other readers. 

On the other hand, you probably have solved in the past 
a special problem which another reader meets today for 
the first time. 

In next month's issue we shall inaugurate a Questions 
and Answers Department: The questions will be briet 
extracts from subscribers’ letters handled by our Into 
mation Department; the answers will be extracts from 
replies prepared by our staff. The subjects will all be of 
interest to many readers. 


In the January 1937 issue there will be inaugurated an 
other new department, called INSTRUMENTATION FOR 
and conducted somewhat like a Q&A Department but d¢ 
voted to longer discussions (particularly where illustra 
tions are required) and with these important differences : 

Only one subject will be discussed each month. Each question will 
actually be a problem and will be so designated. A problem need not 


necessarily be difficult, but it must be of wide applicability and 


it 


nature must be such that solutions or discussions will make interesting 
reading. 
E, ich month. a probl m will be publishe d. toge ther with an oft 


~ ] ] . 4 
a $5 award for every solution or discussion subsequently printe d 


Two months later, this problem and the solutions or discussions w 


‘ . 1 } ] } . . xay } 
be published ; and five dollar checks wil re mailed oO re iders Whose 
solutions or discussions are printed. 
Thus, in our next issue Novembet e si publish Prot 
No. 1. and two months ite? in the Januarv 1 ie) the Fo 
ill be inaugurated with Problem No. 1 toge ith its pr 
inning solutions and discussions. Problem No. 2 wi npe 
December and the second Forum discussion i February And 


In one sense the two new departments will constitute 


information exchange. In a more specific sense, howeve! 
they will constitute a perpetual data fle. Classificatior 
numbers will be printed for your convenience 


Watch for these new features 
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JOHN PETER MIKALOFF, JR. 


Superintendent, Fuel and Steam Power Department, 


Duquesne Works, Carnegie-Illinois Steel Co., Duquesne, Pa. 


By M. F. BEHAR 


N the steel industry we have no “typical” subscriber. 
Some are electrical engineers who proudly show 
visitors their gleaming control boards and _ spotless 
libration laboratories; some specialize in’ hydraulic 
ontrol systems that operate huge valves more easily 
than a housewife adjusting a kitchen range burner; some 
lo metallurgical work and have all their instruments 
within arm’s reach, while others have charge of instru 
ments scattered over square miles of clanging, clanking 
plants. Mikalott’s instruments are scattered ve rtically as 
well as horizontally: he and your reporter had to take 
in elevator to get within sight of the induced-draft fan 


controls on an upper platform of a skyseraping boiler 


well as an automobile to look over controllers 


h nist. is 
ind recorders in remote departments. 

Ihis 
ind the 


idea of its inportance 


ilone gives you an idea of the nature of his job, 
summarized list of his instruments conveys some 
We should say “of his old job,” 
for he was recently promoted to Superintendent of his 
functions 


1) partment, whose stated briefly from mem 


ry ile 
(dperatior nd maintenance of boiler houses: 
Checking all combustion ork, both in power plant ind steel 
= 
Charyve ot | instruments, meters and automatic-control VS 
femis except those pertaining to electrical engineering ind 
building maintenance, or to metallurgical research) : 
All pvrometric work: 
Special engineering tests and field analyses in plant: 
Checkin production and distribution of steam, water, air 
d gas, and analyzing charts and figures; 
Working on technical problems involved in steam generation, 
er treatment, plant lubrication, ete 
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These functions are not suggested by the nam 
Department. And while on the subject of 
Mikaloff’s, 
Not only was he born in Duquesne 
Swedish 


Dutch; and his mother was a Pennsylvanian of |} 


names 
too, is misle 
1892), but his 


generations b 


not amiss to mention that 


incestry is and—several 


ancestry. 


After graduation from the Duquesne High S 
Mikalofttf engineering at Penn State, whe 
took his 1915. In 1917, after two \ 


mostly in Philadelphia 


studied 

B.S. in E.E. in 
electrical work 

the Navy, 


served in Naval Engineering. Early in 1919, on 


of varied 


enlisted in was commissioned Ensign 


relieved from active service, he returned to his n 
town and started as an engineer in the Department y 
he now heads. (At that time, the Department was sn 
in scope of functions, the boiler houses not being 

1931.) In 1924 he Assis 


Superintendent and, although he is intensely loyal to 


charge until became its 
Company and modestly refuses to take any credit for his 
fact that much of the 
Duquesne Works was 


stalled under his direction. He generously gives a good 


y | 
nod 


own achievements, it is a 


instrumentation around the 


deal of credit to Instruments, which he has been reading 


since the first issue came out in 1928. 


Driving back from Duquesne, your reporter was th 


ing that it had been a pleasure to meet this examp! 
quiet, self-effacing competence (who always says 
Company” or “the Department” and never “I 
also that Mikaloff’s modest reticence had made it d 
to introduce him to you adequately through the me¢ 


of this page. 


SUMMARIZED LIST OF INSTRUMENTS 
UNDER MIKALOFF’S DEPARTMENT 


(Exclusive of electrical instrumentation and of Bourdon gages, therm 
thermostats, etc., under other Departments) 
\ir meters 2 Tachometers: 
Anemometers 2 Portable indicating 
Portable recording 
Recording 
Telemetering System 
Thermometers: 
Indicating 


\mmeters: 

Portable indicating 

Portable recording I 
Barometer, mercurial I 


Boiler meters, recording: (approx 


Pressure and draft 6 Recording 
Steam flow and draft 6 Time recorders 
Steam flow 12 Time recorder (special) 


Vacuum recorders 


(multi-pen) 6 . ns 
Venturi meters: 


I emperature 


Combustion control systems: 


Boilers 30 Water 
Blast furnace stoves 24 _Gas 
letallurgical furnaces 15 V oltmeters: ; 
Heating furnaces { Portable indicating 
CO.» hand Orsats { Portable recording 
CO & H recorders 2 Wattmeter, portable recordit 


PYROMETRIC STANDARI 
TION LABORATORY 


1 precision potentiometer, 


Draft gages (liquid types) 30 
Engine indicators 6 


Flowmeters: 


Steam distribution 12 oratory potentiometer and 
_ Gas distribution 60 sets, standard resistors and d 
Gas meters, wet test . box, 4 standard cells, benc! 
a a ee 
, ’ and accessories. 


Pressure recorders 24 


LUBRICATION LABORAT‘ 


Pyrometers: 


Contact 6 Centrifuge, flash and | 
Optical 3 point tester, viscosimeter, et 
Radiation 3 - 4 
Thermoelectric, recording 16 BOILER WATER LABORA! 
Psychrometers 2 Chemical control equipment 
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HE MONTH'S NEW 





lardness Tester for Baked 
Cores and Sand Molds 


rhing 12 oz. and being 3” long and 
ick, this instrument may be car 

foundryman’s pocket. It permits 
e hardness of cores and dried sand 





ds to be determined in a few seconds, 
pressing it against the surface to be 
ested and drawing it along this surface 
this procedure being similar to the 
nver-nail scratch test” but resulting in 
intitative measurement of “penetra 

on hardness,” not “serateh hardness,’ 
nee the dial measures the force along 
he ixis of the diamond-cone-tipped 
indle and not the force required to 
| the diamond along the core surface 
Maker supplies a table of hardness read 
vhereby the instrument may be used 

. foundry standard.—Harry W. Diet 

EL ex OOOA W. Grand Blvd... Detroit. 


High-sensitivity 
Selenium Cell 


New “Pype 50A2” is a high-resistance, 
high sensitivity selenium cell designed 
especially for commercial photoelectric 
mtrol in conjunction with an amplify 
ing tube and relay. 
Active surface is 
elemental selenium 
on platinum elec 
trodes, sensitized 
by activation treat 
ment. It is said to 
possess great sta 
bility, dependabil 
ity and long serv- 





ice life when used 
correctly designed circuits. Due to 
k sensitivity to deep red wave 
ngths, and inverse non-linear response 
izht intensity, it is particularly suit 
le for use with low-intensity and low 
perature light sources. \pprox. dark 
istance LO megohms, minimum change 
foot-candles, 5:1; maximum d-e. or 
-c. voltage 80 volts, normal (ree 
ended for continuous dutv) 50 volts; 
ination for greatest stability in con 
us Operation, intensity . 20° foot 
es. Max. operating ambient tem 
ture 150° F, Overall diameter 0.770", 
ll length 0.75”: active area 5/16” 
8) Acousto-Lite Laboratories. 2920 
Vermont Ave., Los Angeles, Calif, 


] 


t 
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In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 





Booster Voltage Regulator 


“Type REEF” regulator has an effi 
ciency of approx. 90% at half load 
(higher at full load), introduces no ap 
preciable wave form distortion or dis 
placement, is provided with two main 
idjustments: By means of one, regula 
tion point may be changed in 2-volt di 
visions; by means of the other, accu 
racy of regulation may be altered. It 
employs no moving parts, consisting 
essentially of a voltage-sensitive network, 
i saturable-core reactor and a_ booster 
transformer. Parallel and series resonant 
circuits (1,¢, and Les in simplified 


diagram) are employed, with character 
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Booster Transf'r 



































istics such that upon decreasing input 
voltage, the rectified current flowing 
through the saturating winding is in 
creased, decreasing the reactor’s imps 
dance and thereby impressing more 
voltage on the booster transformer which 
consequently adds more boost to the 
line. Photograph shows the 215-kva. unit; 
others are available for 5-kva. and 71» 
kva. loads. All are single-phase, obtain 
ible in either 120-volt or 240-volt types, 
ind normally designed for 10% maximun 
boost. Rolle r-Smith Co. 2 Wor 
worth Bldg... New York City 
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| ight-w eight Pocket-size 


Electrical Instruments 


\ complete new line of pocket-size 


voltmeters, ammeters, and milliammeters, 

designated “Type AS-5" and upersed 
I 

ing “Type \S-3." is characterized by 





higher torque and improved characte 
istics. Over-all dimensions of standard 
unit are 5 3 2” and weight 
is 12 oz Accuracy is 1% of full-scale 


value Instruments have magnetic damp 


ny, a Permaloy moving vane, and ire 
shielded from stray magnetic field \ 
have the combination — of knife-edge 


pointer and mirror. scale which elimi 


nates parallax error. On the double ind 


] } 


triple-seale instruments, i convenient 


switch on the face makes it possible 
change ratings without removing or re 
Wiring terminal connections. The case 
of Textolite Cleneral Klectric ¢ \ 


eclady \ ) 


Synchroscope for 
Aircraft Engines 


In multi-engine aireraft it ha 


found that lack of svnehronism produce 
beat noises which disturb all passenger 
ind frighten some, and mav produee 


brations injurious 


ments of engine 
speeds there Wits 
heen cle veloped 


relatively simple 





SVACHPOSCOP NM \}) 
lic ible to two o7 
more engines (of the spark-lyenition tvp 
ind requiring no additional electri 
mechanical connections between engine 
nd instrument panel: it is connected 
len ( ir » thre ‘ ire i ( 
S l ( No ( ( ye 

propre ta rh or " Cl l ‘ 
by r f inte cl \ 
selector it ( 1er t« 

Tlo}r i! ee ‘ ‘ ( 
i! 1¢ « ‘ ( 1h t 

a t¢ a ‘ eT Ce ( 
synchronize rewl Instrur 
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MECHANISM TURNS BOTH SLIDEWIRES AS A UNIT 
RESTORING BALANCE CAUSING UNBALANCE 


CONTROL SYSTEM | IN MEASURING CIRCUIT IN CONTROL CIRCUIT = 


The Mark of 
Effective Control 
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Process Control for sensitive, stable ‘ 
MOTOR MOV 


INPUT VALV 


BALANCING MECHANISM 





automatic control of temperature, 


pressure, liquid level.flow and other 





factors as applied to industrial 





processes. Responds to changes 


i 

















quickly,without overtravel or hunt- DEMAND CHANGES, 6 ; 
inv. As at 0) AUSING UNBALANCE oe 
ing. Ask for Bulletin No. 101. / MEASURING CiRCUTT SLIDEWIRE. TURNS WITH 
| VALVE. TO RESTORE BAL ANC: 
Combustion Control that is simple N CONTROL CIRCUIT 
but complete for providing econom- __ | Fig. 1 
Ba . ; ‘ 
ical operation Universal Electrical Automatic-control System 
of boilers of In this new system the control instru operation is virtually impossible \ 
7 ment proper is a “Micromax” unit (ot sensitivity is obtained by use 
200 h. p- and inv of the types reported in these col electron tubes which amplify. bridge 
lerver. Details uinns since 1932) but the relay detector balance 
inten "i : : unit and the valve-drive unit have both 
in Bulletin been developed and engineered to work 
9 vith the instrument Entire system, 
No. 102. therefore, operates as a unit at full sen 


sitivity of Micromax instrument, and at 
Boiler Meters desired extent of its available accuracy 


iad speed. For example, one application 


. "eg ; r » 
for recording is the control of a motor-generator set 





combustion (of low inherent time keeping iCCUPAacy FP 
using a frequency standard (such as an 


Recorder-Controller 





conditions and L&N dynamic type tuning fork) where 
cuiding boiler operators. Described by the m-g. set can serve as a secondary 
: standard frequeney source (maximum 
in Bulletin No. 14. differential 0.2 second). Coordination of 
ul elements is made evident in Fig. 1 Fic. 3 
Multi-Pointer Gages for indicating | “hich represents a temperature control | 
© Fie. 3 shows new valve drive unit, 
factors such as draft. pressure, tem- prising a reversible motor, a geat 
i control slide-wire and a pair ot 





perature and speed. nc onan ee Rigg Pernt sche 
ind valve may be adjusted easi 
that when desired, valve may be 
in extent smaller than from full-o} 
full-closed Leeds & Northrup ¢ 
Sfleuto lve... Philadelphia, Pa 


These Gages are avail- 
able with any number | 
of pointers and any | 


scale combination; in 


Resilient Mounting Base 


° ° | 
either the oil sealed | 
| \ new resilient mounting base 


bell or diaphragm con- 


struction. fractional horsepower motors 1s 


vive the utmost in quietness and free 





from vibration, the motor being ¢ 


Flow Meters for indi- 





“ D Fig. 2 
cating, recording and 
: ‘ : i ect-up with a thermocouple as primary 
integrating the flow of condition-sensitive device ind i fuel 
Control Drive » « vICe , . . 
steam. water. sewave. valve as final device under command: 
5 ind which brings out also the coupling 
air, gas and other fluids. Bulletins of the measuring and control circuit. Not 


shown are the following three elements: 
(1) a control setter of conventional knob 


No. 39 and 300. 


form; (2) a throttling range setter for 

Recorders for pressure, temper- determining the width of the control 
‘ . . band equivalent to full valve travel; (3) 

ature, drafts, liquid level and othe r i droop corrector-——manual or fully auto 





matic—for shifting control band up or 


factors. ' 
down with respect to main scale in the 


by live rubber in shear, which is 


event of a sustained change in demand 


G-3 : 

. . be a much more efficient absorber «| 

BAILEY METER __ ‘incipst overt charscteristic of Micro P% nt absorber 
bration than rubber in compress} 


max Electric Control, therefore, is” the , ; 4 
é tension. Despite its high resilience, 


ymrroporti. Yr oO it te » S 
COMPANY : } raning ; — dem ind mounting 1s said to be “unusu illy st 


Fig. 2 shows new relay unit, said to Bodine Electric Co., 2254 W. Ol 


1041 Ivanhoe Rd., Cleveland, Ohio be so vibration-proof that iccidental (hiceaao. Tl 
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Sound Level Meter 

kesigned to meet the demand for an 

spensive sound level meter complying 
the tentative standards of the ASA, 


\ ( \I EE and Acoustical Society of America, 
ot instrument incorporates several fea 
lure res said to be previously found only in 


ore expensive and cumbersome instru 
ts and is suitable for practically all 
pes of commercial sound level meas 
rements. Among its features are: 
1) A non-directional crystal micro 
one which responds satisfactorily over 
nge of frequencies, including the 
igh frequencies which make up “hissing” 
nd “swishing” sounds; (2) Sensitivity 
extending to 24 db above a zero refer 
ence level of 10-'® watts/em.?; (3) Three 
arate weighting networks for adjust 
frequency response characteristics: a 
level. network, a high-level network, 
ida network giving a substantially flat 
er-all response; (4) no rheostats or 
her battery adjustments; (5) Un 
sually light weight, 231, Ibs. with bat 
eries; dimensions 111,” K 181%" XK 91%" 
6) Tube suspension providing freedom 
( om microphonic noises; (7) No in 
uctance coils or transformers used in 
strument, thus eliminating error due to 
onetie pickup. General Radio Co... 3 
ent (‘am ridae 1. Mass 


Pocket Volt-Ohm-Milliammeter 
‘Ranger-Examiner Model 735" is a 
wket-size volt-ohm-milliammeter with 


elector switch and d-c. ranges compar 


e to those of larger multimeters: 15 


















150-750 volts; 1.5-15-150 milliamperes; 
ly LOO0 low ohms: 0) LOO,000 high ohms The Type il 
at 1.5 volts. External batteries may be 


used for higher resistance measurements Pressure Element for the 


Indicating instrument is Triplett d’Ar 


sonval type. Readings are said to be ac a h Di t G 

curate within 2%. Molded case, with esearc irec ressure 
rounded corners and _— silver-and-black S ® 

panel, is 8 1/16" X SY" S< 2%", “Model Engine Indicator 

735” is furnished complete with battery 
ind test leads with alligator clips The 
Readrite Meter Works. Bluffton. Ohi: 


Edgewise Draft, Pressure and 
Temperature Instruments 


\ new line of poiler instruments is 
announced, all in 12 < i2° 23/, 
cases permitting user to make up any 
combination meeting his requirements, 
ind to change units at any time, each 





This new Pressure Element has the 
highest speed and the most exact uming 
of any sampling valve type of pressure 
element. It is a vital part of the Direct 
Pressure Engine Indicator and is the re 
sult of years of research in this par 
ticular field. 





The following instruments are offered 
Air Flow Indicators of the Vanabk 
Venturi, and Smooth Approach Or 
nce types 


Engine Indicators including the R 





Fig. 1 ‘ ' 
search Direct Pressure Engine Indi 
unit being easily removable without dis cator (made by us) and the Piezo-Ray 
“hin o ars. F jo S Ss ( , it 

turbing neg “I <a raph ft : eas rs Pressure Indicator (mad 
arrangement Consisting oO e oO right) F an x 
the , fo O 
furnace draft gage, boiler draft gage, CIN R¢ A Mtg ( ) 
wind box pressure gage and flue-gas Fuel Flow Indicators including the Re 
thermometer. Draft and pressure el search Direct Reading Fuel Flow h 
ments are new. Fig. 2 shows a draft ; 


dic itors, Jet Ci mparators (for progu 
tion inspection of jets) ind tl 
meter (Schutte and Koerting) 
Magnetic Thickness Gauges for measur 


oS ee” Sy eee ae 
Ing cylinder walls by contact with the 


gage with its left-hand = side plate re 


inside wall ONLY A new unit now 


available for bores as small as 2% 
inches 

Slow Motion Study Equipment includ 
mn the Strobotac and the Edgerto1 


Stroboscope (General Radio Co.) 
Sound Study Equipment including the 
No. 356 Noise Meter (General Radi 
Co.). 

Vibration Study Equipmen 

F; : the Geiger Torsiograph (imported) 
—* the Vibrometer (Electrocon Corp.) 
ind the Cathode Ray Oscill 


(RCA Mtg. Co.) 





moved. ‘The newly designed slide petcock 


is mounted into the bottom of the case 


and the left-hand lever can be used t You are cordially invited to visit our 
shut off the draft and vent the gage, laboratory. Many of the instruments listed 
thus allowing pointer to come to zero, the can be seen in operation. 

right-hand bottom lever then being used 

to id just for zero Diaphragm element Detailed information mailed on reques! 


is suspended on two “needle-point bear 


. 
ings.” In the pressure gages the bottom Commercial Engineering 


pl ite carrying the diaphragm is reversed 


In the thermometer units a_ gas-filled Laboratories 


tube-svstem is employed Defender 
lutomatic Requlator Co., St. Louis, Mo 1612 Woodward Avenue, Detroit, Mich 

















INSTRUMENTS 


October 1936 Page 271 






























































Audio Oscillator Combination Vacuum-tul id 


/ Portable (31 Ibs.), a-c. operated (110 Peak Voltmeter 

CW e 120 v., 60-cycle) and provided one 6 For measuring potential in 1 

reed whereby main-scale calibration may udio frequency circuits, as we 

be relied on within 2%, this new beat circuits where even the current 
high resistance moving-coil inst 
introduces distortion, “Model 8¢ 
bination vacuum-tube  voltmet 
peak voltage indicator com; 
vacuum-tube voltmeter of “s 
high sensitivity” and input resis ‘ 
10 megohms, plus a peak volt 
the slide-back type operating fro 
contained power supply. As a 
tube voltmeter, a range of (-] 
rms. Is covered by direct conne 





AUTOSYN 


SELF-SYNCHRONIZING 


MOTOR 


TYPE | 
Type | Autosyn motor is a 





reasonably priced self- frequency audio oscillator is calibrated 
synchronizing motor with from 10 to 20,000 cycles. Two output cir 
superior performance char- cuits are provided, one for loads 10,000 
Bie - ohms, and one for loads 500° ohms. 
acteristics. One transmit- High impedance output is resistance a ae 
capaci ounle o outo ; ze the tube (Type 6F5 metal) gri 
ter may operate as many ipactty coupled to.output tuve and ha out any shunts. The voltmeter 


t maximum open circuit output voltage placed at the end of a 30" ext 


cable, making possible direct cor 


as six receivers. Practically 


of 30 volts. Low impedance output is 


any system of remote indi- supplied through a special transformer of the tube grid-cap in the me 
cation or control may be in which the d-c. component of plate circuit, and thus eliminate capaci 
° current has been balanced out. Open cir fects. For work in lower frequen 
solved by the selection of cuit voltage is approx. 10 volts maximum cuits, the tube may be placed 
the proper type of Auto- ind with a 500-ohm load this drops to instrument case and connections 


through front panel binding posts. \ 











bout 8 volts, giving a power output of 
syn Motors. ' » giving a | cad gpuscelioangie 9 
y 0.12 watt. Output control is provided on peak voltmeter, ranges of : 10 an 7 ; 
FEATURES panel. At frequencies 100 cycles, total are —- eri = _ eX 
i . ve r= ~ of : a : power supply. Entire unit is housed 
i. Conventional Motor mount- harmonic sare <5% of the fundame ntal. metal carrying case finished with 
ing interchangeable with Potal ripple and r I. <0.69% Maximum black erystalac enamel. Fan-type j: 
most standard self-syn- output voltage. United Sound Bngi bearing indicator has a green n 
— neering Co., 22 University Ave., St case._-Clough-Brengle Co., 2815 \ 
chronizing motor elements. reas, AP ge i.e 
2. Approximate accuracy: Two 2 eis 
degrees. 
3. Maximum torque 14.8 inch ry 
ounces ’ Worm Clearance Recorder 
4. tebe ee ‘ erating Specially adapted for the vutographie with a recording pen supplied wi 
; : 56 i h P inspection of hourglass steering worms, ink, whence the designation “Red | 
orque 5.6 inch ounces. 
5. Brushes carry no current SSS eS ee SS ee eS ST SS eT TCC SC CT TT TTT CCC CSCS CSD US OF 
THe RED Liner — For Automatic Gear Inspection — The Fellows Gear Shaper ( ©, Springfield, Vermont 


during synchronism. 

6. Enclosed inertia dampener 
reduces oscillation to maxi- 
mum of 3 seconds and is 
adjustable to suit. 

7. Dimensions: 35x39 /16"’x 








53/,”". 

8. Weight: 5 lbs., 12 oz. 

9. Low current consumption Pceecscerscovesevesovessvcrrsesesssosrertsaroone 
and temperature rise char- 
acteristics. this newest addition to maker’s gear 

10. Voltage range for accurate checking recorders differs from the 


and safe operation minus others (which are fully automatic) in 


t Ss purpose ‘slone for ‘ 
20°, to plus 10°, normal that it is purposely designed for hand 


operation. The records, however, are of 


rating. 
g the same general character, each being a 
MPLETt YRMATION ON magnified curve of the clearance which 
REQUEST the instrument has been set to measure, 


with jogs at predeter “dd gular 
BENDIX MARINE sel ag this oe preeag in aa 
PRODUCTS co., Inc. strip chart which travels in proportion 
Subsidiary of 





to the rotation of the worm being in 
spected, the abscissa thus representing 











Aviation Corporation 
ingular distance and the ordinates rep for tutographic rear inspectors 
754 i “ ; bs : i o. : ; 
54 Lexington Avenue resenting clearance magnified 40 (50> make. Max. capacity of new inst 
Brooklyn, N. Y. in the case of instruments recording in is 8” pitch diam.—The Fellows 
Metric measure). The trace is made Shaper Co., Spring field, Vt. 
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Barographs 
ew drum-chart, dry type (ane- 
barometers are = an- 
refine 


recording 
both embodying recent 
the way of temperature com 
seamless 
Ss day 


fine-line pens using 


n, seasoned pressure 


clock move 


rs, jeweled 
special ink, 





(illustrated), 


1) Microbarograph 
| models for elevations 
sea-level to 8000 ft., each having 
mereury column (approx. 
ft. atmospheric column). Chart width 

61,”, seale of ordinates represents 


e in Six 


I ( of 2.5 7 


; magnification 
Outside dimensions approx. 6 Xx 9 
ee weight 11% Ibs. (2) Station 


available in) six models for 


over) mercurial 


ay iph 


vations from sea-level to 6000 ft., each 


g range of 3” mercury column 
1 41,” wide chart; differs also from 


icrobarograph in that cover is all-glass 


“Gemware” 
ghs 3! lbs. with all accessories as 


llustrated 


elg 


t 


ien P. Friez Y Sons, Ine.. Baltimore 


Baltimore. Md. 


\Y Central Ave 


Hand Fan Psychrometer 
ventilated = psychrometer 
(2 Ibs. without belt, body 
es and bracket), this minimization of 
ht having been accomplished by re 


ducing the ventilating means to a hand 
ven fan in which an aluminum disk is 


frictional engagement with a fibre 





re with |] 


shaft. Wooden 
ind overall height 1414” 
ed-stem thermometers, 914” long, are 
larly supplied in 20° to 120°F 
divisions or 0° to LO00°F 
3° divisions. Other ranges (F. or C.) 
be supplied. Each psyvehrometer is 
lied with a humidity chart embody 
corrections for altitude above sea 

ind with filing ecards on which 
rvations may be entered. Model illus 
ad is designed for use in locations 


ir on the fan-wheel 


IS 4 < §” 


small or too crowded for use of con 
ional sling psychrometer. It and the 


ire designed also for use 
by observers desiring to take readings 
while wet-bulb and dry-bulb are being 
ventilated. —G.M. Mfa. Co P. O. Bow 

, Madison Sq Station, New York City 


beltless model 


Portable Potentiometer 


Circuit: In place of a cadmium-cell 
reference standard of e.m.f., this portable 
instrument, known as “Model C” poten 
tiometer, employs 1 modified Howell 


{BCD with linear and non-lin 
irms so proportioned that 


bridge 
ear coefficient 
galvanometer G indicates balance at only 
one value of current flowing through 
these respective arms, thereby providing 
a current standard. This establishes a 
known potential drop along calibrated 
slide-wire R, 
standard Lhe 


potentiometer which is in 


series with the current 


AAAAA AAAAA 
f VVVV T VVVV 
A B 
Cc 
a 1) 
VVYVY VVVVV 


R | 
MMM\AA— 


Tee ee 


Ri ue 
Wa ———§+ 
*X° 


bridge having been balanced, the same 
valvanometer G is then switched over 
into the potentiometer circuit as shown 
by the dotted lines. Construction: Instru 
ment measures ipprox 6 ri | 
overall, weighs approx. 4 Ibs., has bronze 
strap. Slide 


long, mounted on 


handle instead of leather 
wire scale, Ipprox 15” 
slide-wire form, is individu lly calibrated 
to read directly in units for which each 
Ihe constants 


instrument is to measure 





of the current-standard bridge are like 
wise selected for each individual instru 
ment with regard to its intended use. For 
example, if instrument is to be used 
with a certain type of thermoucouples, 
bridge arm characteristics are so selected 
that cold-junction error is automatically 
Non-linear resistors are of 


compens ited 
ilue s 


tungsten-wire-in-vacuum type \ 
and characteristics are such that clumsy 
use of current-adjusting rheostat Rh 
or even full unbalanced current when A 
is disconnected, cannot impair calibra 
tion of current standard, and instrument 


is said to be fool-proof. Ordinary flash 


light dry cells make up the d-e 
Single-range form of instrument is avail 


source 


ible in seven models, for use as milli 
voltmeter or with various thermocouples, 
pH cells, ete. A double-range form also 
is available from stock, reading 0-16 and 
16-71 millivolts—Hurl R fdams 1] 
hambra Way, Pittsburah, Pa 








ACCURATE 
CONTROL 


at Remote 
Points! 








JOHNSON 
EXTENDED TUBE 
THERMOSTATS 


@ For use where it is not convenient 
and possible to place the controlling 
mechanism and the sensing element at 
the same location, Johnson thermo- 
stats with mercury-tube transmission 
between bulb and instrument are de- 
pendable and accurate devices. Bulbs 
for every requirement between 40 de- 
grees and 1000 degrees Fahr. Capillary 
tubing up to 75 feet long, protected 
by bronze braiding and armor 


@ Johnson wet-bulb attachments in 
various forms convert these devices 
into superior wet-bulb controllers 





JOHNSON 
DIFFERENTIAL 
THERMOSTAT 


@ An extended tube thermostat with 
two sensitive elements to operate auto 
matically according to the relationship 
between the temperatures at two dif 
ferent points. The ratio of the change 
in pilot temperature to the change in 
controlled temperature is adjustable 
between 4 to 1 and 1 to 4 


@ Send for literature 
or call our nearest 
branch office. Bulle 
tin T-303 describes 
the Extended Tube 
Thermostat and the 
various bulbs for all 
instruments. T - 304 
covers the Differen- 
tial Thermostat. H 
310 shows Wet-Bulb 
attachments and in 
cludes Humidity Ta 
bles from 20 to 198 
degrees. 


JOHNSON SERVICE COMPANY 





Main Office and Factory: MILWAUKEE, WIS. 
Branch Offices in all Principal Cities 
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REPUBLIC Portable Automatic CO. unten joel. illustrated 

‘ 7er les space for a 
. Analyzer on a wi a flue-gas then 
RECORDING \n entirely new type of flue-gas 


nalysis instrument makes its appear 
THERMOMETER | 2", form of the, Onatanat 
which belongs in the classification “hand 


featuring a 


nm METAL 
“Cartridge Sealed” 


Helical Element 






oy a 
“- TOR, 
ABSORPTIC Z 
$¢ MAMBE RS 
PREY 



















/ for both C¢ dy and Ov. Models 
cial 


scales are offered for use j 


/ BEARIN iutomobile exhaust gases HH 
/ + DRACKE poration, Michigan City, Ind 
POINTER 

’ 
> - <1 \ 


Oy rrerqrttty* ge Direct-reading Conveyor 
Brinell Machine 


Ihis machine has been devel 





‘ | Re Mosirion N21 i i 
4 testing evlinder blocks, evlinde 
| } 
) ) ” f it die blocks, ete., on a conveyor 
Orsat™ bv reason of i rinciple, port 
. f S } Cl} > | elevating them to the testing 
bility nd price, but requires no want "| ra \ hi | i t] I WII 
ic in, Which Is thre rhe '> 


pulation (ether than moving one lever \ 
ith a travel of 24". is operate 


I ind indicates by pointer movement on a : 
: lis} same manner as that of a steal 
scale, thy LNAIVSIS cing iccomplisned , 
: 3 zion ind mav be held at a height 
tutomatically in 20 seeonds, so that its : 
: , modate the size of blocks on 
characteristics re ikin to those of thre ° 
Conveyor section is spring mounte 
permits blocks to rest on a solid 
m7 . : 7 ; 
+H when load is applied. Direct-re 
a iii ) vice Is the same as in makers’ S 
ill) : 
Brinell Power \I ichines l'es 









+ 
+ 
: 
CENTER OF 
bd ROTATION, 
7 
. 


a C Ps i Oo 1 90 made without grinding or. spott 
Seat tis ; 5 10 1S using a& microscope: after 
praia ; - hands are set to the desired 


TAKE READING operator merely notes that thé 








Data Book 210, just published, Posi TionN?2 pointer stops within them. Si 
gives complete description. ictual test made is the Brinell, 
w4 R ‘panel-board™ classification Lhe simpli curacy of indication may be chec 
y fied diagrams will make the operating iL microscope. Oil is used as the 
principle evident to Jnstrument readers medium, issuring thorough = lul 
REPUBI ff without further explanation, and_ the ind long life. To avoid viscosity 
= we 4 a : photograph shows (in front of handle) this oil is kept it a constant te 
FLOW METERS CO. the knob-tipped rod which is pulled up ture with a thermost itically ct 
for taking sample and then pushed in to heating element. Work-gap betwee 
2249 Diversey Parkway, Chicago, IIl. cause sample to be automatically tha is 24 | a Detroit Testing V 
Ivzed The Orsatomat is wailable in the (0 ~ Trumbu {we Det 











Recorders and Indicators 
plete line of COs recorders, in- 

ind remote 
-ystems is announced. Illustra 
gs “ype MDI” in which an in 


ecorders electric 





dial permits reading from a 

e. In all models, the percent CO. 

e flue gas is measured by the Orsat 
vd, i continuous sample being 
cleaned, cooled, and successive 





nes thereof analyzed volumetrically. 
meter is driven by a_ fractional 
epower electric motor and requires 
OF iter for its operation. ‘There is no 
ibility of stoppage in the was line as 
instrument has a suction capable of 
ing 14” of The caustic 

nk holds enough potash to last) from 
to six months. All analyzer parts 

ng in tank assembly, temperature var 

ions have no effect on the readings 

\ filter in the gas line removes all SO. 
before it the 


mercury. 


reaches 


rom the flue gas 
yzer. A continuous pen line record 
scribed which may be read directly 
percent ( Os ind related factors, such 


team flow, temperature, draft, pres 
be combined on one 10 
ind various edgewise indi 


may 
ind ch it: 


ure, etc. 


is well as flow integrators added 

the recorder on the standard 40” high 
1 16” wide 12-gage steel p inel.— Re 
ublic Flow Meters Co. 22740 Diversey 


cau, ¢ hicaao., Ill. 


Radio Analyzer 
Trade name “Roto-Ranger” is descrip 
e of outstanding feature of this 
ew multimeter—its roto-dial mechanism, 
» designed that when the selector switch 


novel 


moved to any one of its twelve posi 
ions, the proper sc ile comes into view 
other words, the selector knob = (at 


ht on panel) switches the circuit and 
simultaneously, minimizing the pos 
LtY ot 
one scale to read and (b) no neces 
for multiplying or dividing indica 


error in reading, because (a 












has made it possible “to 


job at 


Use of independent scales, it is said, 


give each scale 
i practical, workable range suited to the 
hand.” Available ranges: 
0-8-1380-L000 a-c. volts 

0-8-300-1000 d-ec.«volts 

0-128-130 d-@xrilliamps 

(mid=seale 5) 

(mid-seale 1400) 


(mid-séale 21,000) 


0-100 ohms 
0-50,000 ohms 


0.2 megohms 


New .analyzer is* adapted for measure 
ment of current, voltage, and resistance 
from receiver sockets through the cord 
ind plugy or “point to’ point” method 
employing test prods, Simpson Kleetric 
CO., “ou Ninsie St Chicaae / 


Hydrometer 
Known as “Permax” (permanent i¢ 
curacy, maximum visibility) this new hy 


drometer is said to be different— “not in 


just one superficial de 
tail, but in three out 
standing innovations.” 
(1) Most obvious change 


is In appearance: stream 
lining permits it to sink 
more rapidly to the float 
ind 


ing point prevents 


formation of air bubbles 


when used in “very vis 
COUS liquids.” (2) Scale 
is of enameled, light 
weight metal and is fused 


weighting 
which 


into the illoy 
material: all of 
will stand 300° F, 


loosening 


without 
discoloring or 
(3) Flat seale with grad 


is uations 


—— 


ind figures) on 
both sides is said to give 
three 
ingle of vision obtainable 
with the paper 
type of instrument 


it least times the 
regular 
scene 

Taylor lnstrument Com 


Panuies Rocheste \ ) 


Sling Psychrometers 


Iwo new sling psyvchrometers are ! 
nounced: “No. 3101" left) has 9 
thermometers, both in 20 to 120° 
range with 1 divisions, or both in ( 
to 100° F. range with 0.5° divisions. Other 
ranges can be supplied Metal parts are 
of Monel metal. “No. 3105” pocker mode 
(right) has a swivel handle folding be 
tween thermometers: these are 5 long 











ind regularly supplied in 0° to 100°T 


range, Snap lock case permits carrving 


this instrument in coat pocket. Both psy 


chrometers are supplied 
extra wick, humidity chart and 
tions.—G.M. Mfa. Co., P. O. Boa 


Madison Sq Station Vew York Cit 


complete with 


instruc 






ONE TEST IS WORTH A 
THOUSAND EXPERT OPINIONS 








RELIABILITY 


Day in and day out, whether the 
coldest winter day or hottest 
summer day, Riehle Precision 
Hydraulic Testing Machines 
give true readings. The dead- 
weight automatic indicating sys- 
tem has no springs, no levers. 
Results are positively accurate. 
And, no recalibrations are 
necessary. 


(Today, as for more than a cen- 
tury and a quarter, Riehle 
Machines are preferred in gov- 
ernment departments, stee| 
companies, educational institu- 
tions and industrial research lab 
oratories. Write — ask for de 
scriptive bulletins. 


RIEHLE 
DIVISION 


AMERICAN MACHINE AND 
METALS MANUFACTURING CORP 


EXECUTIVE OFFICES 
100 Sixth Ave., New York City 


FACTORIES 
East Moline, Illinois 
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A complete pictorial dis- 


play of Ames Gauges 
with modern illustra- 
tions and interesting but 
brief descriptions. It’s 


yours for the asking. 


B. C. AMES 
COMPANY 


Waltham, 


Massachusetts 











The Burling 
HEAT CONTROL 





Has: 
SIMPLICITY 
ACCURACY 
ADAPTABILITY 
LOW FIRST COST 
PERFORMANCE 


MODEL D 


Normal temperatures 450-1400 F 
Mechanism not injured by excessive 
heat Adjustable range made to 
) action switches rated 10 
C 

te, if required 
y. The answer 


Control very delica 
your inquir 
will interest you 

Burling instrumentCompany 
239-243 Springfield Ave. Newark, N. J. 
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Round-chart Recording 


Voltmeters and Ammeters 


\ new line of round-chart recording 


voltmeters and ammeters has been de 


veloped to take care of the 


utilities for 


requirements 
of electric Instruments easy 


to use ind service, and of industrial 


pl ints especl uly for process work where 
affect the 


cost ot the 


current 
ind production 


voltage and quality 
product 
Models are available for wall, switch 
board, 


ind for 


mounting, 
Instruments are 


flush panel, ind pole 
portable use 
fume-, and dust 
iluminum alloy 


elements can be 


housed in a moisture 
proot case made of an 


Measuring easily re 


pl iced by removing three screws from 
the mounting. Pen-arm is pivoted at top 
in such a way that pen pressure against 
chart is controlled by gravity. This is 


said to eliminate possibility of sluggish 


ness due to pen-arm becoming bent. Pen 
irm is equipped with micrometer zero 
idjustment and with chromium-plated 


tip which may be removed by loosening 


one screw. ‘Two-drop fine-bore platinum 
point fountain pens, especially developed 
for these said to make 
legible records even when values fluctu 
ite widely offered with 
electric Telechron 
Bristol Co Waterbury, 


instruments, are 


Recorders are 
spring-driven or 
clocks The 


(‘on 
mn 


Two-element Single-Disk 
Watthour Meter 


with 
single-element meters, a new two-element 


Comparable in size and weight 
watthour meter is available 
in two forms, “V-2A” for wall or con 
mounting, and “V-2S” for 
socket mounting. The 


single-disk 


nection box 


necessary freedom 








Surface Temperatures 









The “Alnor” 

or . . 

Moving Combination Pyrocon 
Curved 

Surfaces 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, IIlinois 





interference 
ained through the us¢ 


from 
been obt 
type of rotating element. 
Is composed oT tive 
radial slots) 
insulation between 


having live 
them and 
ered. ‘This 
fines the eddy currents in the 
vicinity of the electric element 


slots stage 








them. The meter is said to b 
ited for all classes of 
rors and accurate to 800% 
load current at 
power factor. 


Schenectady, N ) 


Cjenera Ile 


24-hr. 


or daily automatic 
Little 


winding or 


eal circuits, new 
operates without 
ind may be 
ules without use 
of tools. Sim 
plicity in design 
is claimed to et 
fect i 
make and break 
ition with pure 


quick 


silver contacts 
with nearly 50% 
less parts than 
formerly used. 
The 24-hr. day 





{ | 


¢ 


between elen 
This 
lamination 


asseml 


construct 


l 


temper if 


tT 
oT 


both unity and 


( 


Time Switch 
control of 
Giant ‘Tor 


re 


quickly set on variable 





is divided into 
four sections of 
six hours each. 
Iéntire 
made of non 
mate 
rials; gears run 
aled oil 
rifled bearings and a 


device is 





corrosive 


In se 
chamber: 





new 


trifugal thrower prevent oil leakag 


counter-clockwise second hand indi 
prope r motor operation. Device 
5,000-watt capacity for either sing 


double pole 


service, is housed in 


mium-plated case with unbreakable 


dow, weighs 3 Ibs. 


Vount Vernon, N. r. 


Tork Cloe 





20 mm. 





or 0.5 


High vacuua or 
accurate gas pressure. 








(Pirani type) 


Hillside, 


200 Pennsylvania Ave., 





Electric Vacuum Gaug*< 


folder on request 


WINSLOW 
ENGINEERING co 


N. 




















: INSTRUMENTS’ SYMPOSIUM 
ON MEASUREMENT OF 
RIDING COMFORT 


{ In codperation with Riding Comfort Committee 
— (society ot 














\utomotive Engineers 


The New NBS Ridemeter 


| By H. C. DICKINSON 


tun Chief, Heat and Power Division, National Bureau of Standards 


SATISFACTORY ridemeter should not only in 
dicate the 


roughness, 


meter by a factor of 2, the 
factor of 


meter re duce S the 


total variation being by a 


momentary amount of discomfort or about 64. Since including the ampere-hou 


as experienced by a passenger in a sensitivitv bv a factor of about 50. 


but should also be capable of integrating the rough the total range in sensitivitv is about 3200 to 1. or the 
| 


ess over any desired interval. ‘l'o be practically usable, smallest deflection which can be observed on the mill 


should pre sent each result as a single number rath r ammeter 1s about one millionth part oft the maXxinun 


in in such form as wiggles on a tape, requiring ardu capacity of the instrument. 


rulat s labor to interpret, if interpretation be possible. The principal difference between this and the ins 


\ new ridemeter, basically similar to the earlier on ment described earlier, in addition to greatly increased 


scribed in the November 1935 Instruments, consists sensitivity, is the substitution of an electrical for a 


f a pneumatic cushion connected through an anemom mechanical integrator of the total air flow. The appa 


eter to a tixed volume. The anemometer is of the hot 


I 
rrat 


ratus is so designed that the 





wire type, the circuit dia 
which is given on 
A dry 


I] supplies the operating 


gram of 


he figure herewith. 


irrent, about 14; ampere be 
ng required. Current is 
‘egulated by a 30-ohm varia 

resistor. The bridge, con 
sisting of two hot wires in 


} 


he anemometer tube and two 


























sensitivity of the inte 
Ing’ ¢ lement can be varied in 
six equal steps by 
of 2°, and that of the ind 
cating element can be varied 
similarly by a factor of 2 
several 


In the course of 


hundred miles of road tests, 
it has been found that the 
results obtained at different 


speeds and on different kind 


milar wires ina sealed tube. of roads can be brought 

balanced by a %4 ohm increasingly into accord with 

\ variable resistor in series the conclusions of riders 

oe, A tus a 30-ohm resistor. in bx prope rlv regulating the 

“ arallel used as a vernier, capacity of the air reservoir 

A lhe measuring circuit This ae heen varied hx 

oss the bridge includes a tween one gallon and one pint. 
lanl ' 

a a a A variable spec d and vari 

qe 

croammeter and parallel ble amplitude oscillating 

nt are connected to the seat has been built on which 

= pere-hour meter; in the to calibrate the paces 

ther position the shunt and cushion ridemeter for differ 

pere-hour meter are dis nt types of accurately meas 

: nnected, only the microam ured oscillations over the 

a ter being in the circuit. range of frequencies and am 

\ variable shunt (left) is Dry Cell plitudes which art impor 

nnected in parallel with t———— tant. This will permit adjust 





measuring circuit, to vary 
Sensitivity of the ap 
ratus. Each step alters the 


iding of the microam 


WMA 
30 
Fig. 1. Circuit diagram of NBS Ridemeter. AA—hot wires used 
in Anemometer. BB—compensating wires in sealed tube. Num- 
bers are values of resistance in ohms. 





ing the relative sensitivity 
under different conditions to 
corre spond with the average 


sensitivity of persons 
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A Practical Riding Comfort Metir 


By ROY W. BROWN 


Charge, Engineering Research, Firestone 


Tire & Rubber Co., Akron, Ohio 


Chairman, Riding Comfort Research Committee, S. A. E. 


RECENTLY. the Riding Comfort Research Com 


mittee of the Society of Automotive Engineers 


has been concentrating development efforts along 


the nes of reducing forme rly ivailable laboratory type 
search instruments into simple, rugged, practi il de 
ces of evervday value to the engineer in making routine 
isurements of riding comfort. Its “ten point ; specifi 


itions for such instruments were published in these 


nns is Novermbe i 


Som vears ago, after numerous attempts, the Fire 
stone iboratories succeeded in producing an accurate 
ontact type rccelerometer operating on the solenoid 
rincipl Phis instrument has undergone further de 

ypmeE lescribed below and is now believed to meet 


quirements ol practical riding comtort measurement, 

\ number of the original design instruments have been 
ide and used by various organizations. Thousands of 
les of road service under such severe conditions as 


iron truck axles with worn solid tires have positive ly 
Wstantiated the soundness of the actuating element. 
Experienc with numerous spring supported weights 
1 so that accelerations overcome. the spring ten 
sion and cause contacts to open indicated that some means 
iminate the contact chatter which in 
iriably occurred by reason of the natural frequencies 
n the various parts of the assembly. The inhere ntly un 
ible characteristics of the movement oft the core in an 
m-clad solenoid Jed to thr idoption ot the tv yp 1¢ 
lerometer element! illustrated in Fig. 1. 

This construction has been thoroughly inve stigated and 
not only found to meet scientific requirements but to be 
practical mn measuring thie exceedingly briet WMANTNUIN 
iecelerations of motor vehicle axles. 

lo record maximum accelerations which oceur in such 
short time intervals, possibly only several thousandths of 
1 second, necessitates an extremely rapid registering or 
ecord ng device Si nsitivity ot the device must also be 
igh as the amount of current which can be passed 
hrough the contacts is limited, otherwise deterioration 
of the contact with resultant change in calibration will 
occur. Numerous devices weere investigated. among them 
th electrolytic type oft integrator. 


\ high-sensitivity counter was finally developed’ in 


which fast operation with low energy input was realized 


if thre CNP nse of rug readme SS and simplicity. U sable re 


~ 


sults could be secured if skilled attention and usage of 
the device were provided. This requirement placed the 
nstrument de finitels im the laboratory rather than the 
practical class. 

An investigation was made to determine if commer 
ially available instruments would meet the requirements 
if high sensitivity, high speed and non-inductive circuits 
Since the electrical contacts function also as mechanical 
stops, it is important that their physical dimensions re 
nain precisely constant; otherwise the calibration of the 
nstrument will be interfered with. This means that are 
ng or pitting, which occurs on all contacts carrying an 


ippreci ible amount of current in inductive circuits. must 


\ N 
\ \ 
\ oe 
N \ 
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| 


measurable inductance are not suitable for the 


e eliminated. Experience has indicated that cireu 


and that with non-inductive circuits. consumptir 
than one watt is highly desirable. The performan 
some typical instruments are tabulated in Table | 
For research purposes it may be of interest to 
wave form of acceleration. Interpretation of a 
representing the accelerations caused by even a fi 


ot roadway assumes such proportions that thr met! 





totally impractical for other than research work 
the acceleration resulting from a single road obstr 
is being studied. The method of counting provides 
way of arriving at performance over any desired 
of road. To date it is subject to the instrument 
tions above mentioned. The practical instrument n 
capable of quick and convenient use over any d 


length of roadway and provide a single tal 


tt 
of the run. This value must be a numerical express 
known physical constants to enable correlation 
cessive tests on different equipment or under an 
ceivable performance condition. 

Extensive investigation resulted in thi volut 
the Firestone Integrating Solenoid Accelerometer. | 
Che instrument uses an actuating element simil 
reduced to less than one-half the size of that us 
previous solenoid instruments. A simple circuit was 
which would accurately actuate the rotor of a mod 
single-phase induction watthour meter, in prope 


the duration of the acceleration exceeding the 


which thre inde pe nade nt acce le romecter ¢ le n nts 





























justed. 
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Fig. 1. Solenoid accelerometer element—Current in iron 
solenoid winding A lifts iron core B until contacts C are cl 
Acceleration acting along the axis of the core. when suffi 
over-balances the magnetic pull and the contacts open. Re« 
ing, counting or integrating devices are arranged to operate 
the contacts open. The core is guided in the solenoid at poin 
and by cantilever spring D. The latter also serves as an elect: 
connection. Downward motion is limited by mechanical sto] 
A number of elements adjusted for successively higher va 
may be assembled in a single case. 


s instrument provides at the end of the run a single rABLE I—TOTALIZING INSTRUMENT 


which represents either gravity minutes or, if de CHARACTERISTICS 


the time during which accelerations exceeded thi Mar Sue 
ited value—both methods being the totalized valu f Ope 
known physical constants, acceleration and time. Description Curcu Watts tat 


“ous circuit combinations are. of course, possible Impulse Counter 
ind Interval 


irrangement found simplest and most suitable is Hp 
Timer, Magnetic 


> 


in Fig. 3. 


‘ : . Escapement Re Is \¢ 2 34VA 
e actuating element, being separate from the main lease Type ee ae 6.9 De 7 Y 
‘ ment. can be located where desired; for « xample ; Klectric limer, 


Synchronous Mo 


he axle, any portion of the frame, various parts of 
tor Magne tic 


ngine and transmission, floor boards, seat cushions 


TI | : Clutch ind Highly 
f ; \ pamee cs = oe P . 
fenders. he rang can be conveniently and qui kly Brake Type i oelnt tai bo DI 11.9 
nged by adjusting a rheostat permitting more or less Klectrie ‘Timer, 
nt to low through the solenoid of the elements. Con Synchronous Mo 
ons are of the plug-in type which permits inter — Dynamic A \¢ 
N . Brake [vpe Inductive li \¢ S7 VA 
nging «a counter or a chronograph, according to : . 
: a 5 Electric Register, 
ther total numbe ror record 1S desired. Magrneti< Highly 
Che instrument can be conveniently calibrated so that Ratchet Typ Inductive Te By | 
ntegrator reads a single totalized number indicating Cycle Counter, 
4 - . Magnetic Polar 
wrt. The arrangement is such that the calibration =e 
é : e ized sc pement Non 
be made to coincide with any desired comfort index yp Inductive ES 1 1 ( 
(he aecelerometer element is so constructed that. it Firestone Electric 
be used both in vertical and horizontal planes. With Counter, Mag 
ible calibration, two or more instruments can_ be netic — Polarized 
° TY | s ¢ Heme n Nor 
evord in series, ie instruments could. for example, Pvp Paucen | BY 7 
rranged to integrate in a single totalized value the Firestone Integra 
erations occurring in four planes: vertical and hori tor, Induction 
ransverse and longitudinal, whieh occur on thie Watthour Meter Not 
yy Inductive » oud O82 {yf 
seat cushions. on the floor boards or axle or any combina 


tion thereof. 


The ear battery Service s the On required source Ol 
energy. Suitable extension leads and all other required 
accessory equipment are provided in a single carrving 
Cast This makes it convenient to measure in a single t 


run. with one instrument, all of the accelerations tha 











7s + . , ° } 
significant to the passengers mtort which oc 
, t . 2% | a) “7 ] ty ] , \ | 
motor Cars Wille md NoOriwasal St n iveling@ over road 
surbaces, 
Ry gE . —_ 
~~ > 
ro” Y f ys 
Ag - —f—__, or 
BATTER ; xr 
ao * ee 
f ys = 
wase LJ sense 
) 
} 
RA WITCH 
NTEGRATOR 
SOLENOID ammeree 
RANGE SwiTcr 
ENOID AMPERES a 
ar REve A 
SOLENOID CURREKT . , ‘ 
ADJUSTMENT | aovustme 
6 VOLT Switcr AC Sw 





> 


Fig. 3. Diagrammatic layout—The 6-volt supply from the car 
battery is converted into 110 volt, 60 cycle, a portion of which 
is passed through the accelerometer contacts. The time each of 
these contacts remains open due to accelerating the instrument 
is totalized on the integrator dial. The acceleration at which the 





>. . . ‘ ve al : e 
Fire stone Integrating Accelerometer—The comparatively elements operate may be varied as desired by adjustment of the 
Nall ac »lo : " . . . . . 

actuating element is placed on the motor car where it is de- solenoid current. A range switch is provided to double the in 
¢ > TE ae <a 

¢ to measure accelerations. tegrator indication for short tests. 
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Review of Instruments and Results of Tes: ; 





By C. A. TEA 


Research Engineer, Chrysler Corporation, Detroit, Mich. 


N ts pre sent st 


inique in its unresponsiveness to simple 


measurement of its comfort. The reason is obvious: 


tate of development the automobile is 


instrument 


It 


is cighteen degrees of freedom as a vibrating svstem 


+} | 


six Tor iit body, ind six tor each axl ind whee 


which may be described as follows 


Vertical vibration of body 


Pitching” or angular vibration about transverse axis 


3. “Rolling” or angular vibration about a longitudinal axis 


lo make matters worse, we find in most cars that No 


ind No. 2 coexist 


: - 
dvnamics and providing ill the more reason to 
ment testing on thre road 


Lhe ODTECTIVE is. OT COUTrSE 


r 


. to measure and combine 


all 


is 


blv. Three for the body are highly important ones, 


l 


' 
inder operating conditions, complicat 


a 


ippreciable accelerations into a single reading in propor 


bration svstem with the passenger as its mass, 
ssential to take the measurement of forces on thie 
ishion tor the ultimate eftlect upon the passenger, 
Che vibrometer. or seismic. class is based on the 


s spring is acted on by pe riodic forces having a 
queney two or more times the natural rrequency ot 


nass-and-spring svstem 


This doe Ss not give suthi rent 


1on a graph without laborious analvsis of 


onditions of the ride 


| ecuy OSCODIE ¢ 


their physiological effects on the passenger. Since 


SHIOnNS are 1 part ot thre Suspension, rorming anothe r 


it 1S 
Seal 
rin 


t 


na 1 mass SuUSpe nded ona spring stands still when 


re 
the 


1! 
} 
I 


it 


ass which measures angular velocities 


I } 
sof some value in research type of work, but its primary 


ecords are incomplete . so that it. 


‘ 


from a list of practical mstruments 


, , , 
This then leaves the acce le rometer class as the 


one 


too. may be eliminated 


ice al 
for riding comfort measurement. This class mav bs 


divided into contact and graphic re cording tvpes, both of 


Which have had considerable usage in the automobile 





in 


dustry with more or less success. According to thi 
committee's conclusions, however, the acceptabl 
ment should be capable of giving one reading 
condition of a ride, or two readings applying to hor 
and vertical forces, and should be based on the pr 
of integrating acceleration magnitude and time lap 
The dummy passenger type, which rests on tl 
and receives the same forces as a passenger, is 
opinion—at the present time at least—most nearl) 
for routine testing, due to the fact that constant bh: 
contact with the seat cushion insures constant cond 
Also, it enables the driver to conduct a test alon: 
The application of any instrument to the cushion 


of great importance, since the forces should be rex 


as the passenger receives them in order to make poss 


i true quantitative result. 


RESULTS OBTAINED WITH INTEGRATING TYP] 

The Chrysler accelerometer adds up all accelerat 
during the test trip in proportion to their magnitud 
time of application; also, gives a higher reading on 
amplitude for the same acceleration. (Note—The n 
mode l, | ly. 


SOTne Cases he desirable. 


1, has a frequency adjustment which 
In using the instrument 


sufficient to adjust the element to such an angle 


a 
record both vertical and pitching forces simultaneo 


giving a resultant equivalent riding factor. Sin 


factor does not include “rolling” 


it mav be discoun 


the grounds of incompleteness; but one must ren 


that rolling, while it is relatively bad as a type of \ 
motion, is actually of so small value in reality 
roads traveled today that it is seldom even noticed 


It is also notable that as vehicle weight distribut 


improved, there is a tendency to minimize “pitchin 
the car and, no doubt, the day will come when ver 


vccelerations will predominate and their meast 


will possibly constitute a fairly accurate criterion 


Fig. 1. The new Chrysler Riding Comfort Accelerometer. 
General view of assembly, showing self-contained design. 
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Two views of the primary acceleration-responsive eleme! 
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Fig. 5 


ride of the car. This is particularly true in 
ears which have a weight distribution ac | ar | 
cording to A-/AB 1 or K°/AB > 1, the 
latter condition tending to cause a rise of 
the body at both axles when either front or 
rear wheels encounter a bump in the road. The quantity 
A is the radius of gyration about the center of gravity 
n the vertical plane; 4d and B are the distances from 
front and rear axles to the center of gravity. 
RESULTS OF TESTS 

Since the last meeting of the Riding Comfort Sub 
committee we have collected additional data 
with the integrating accelerometer in various studies 
which attest further to the usefulness of a practical and 
reliable instrument in saving time and eliminating doubt 


road test 


from investigation of riding comfort. 

The following investigations have been satisfactorily 
concluded by employment of our integrating acceler 
ometer: 

1. Difference in ride on the rear seat of one model car 
from one year to the next, showing advance made in that 
product. (Fig. 2.) 

2. Relative effects of horizontal and 
ponents on riding comfort in both front and rear seats, 

iecking average opinion of six disinterested parties. 

Fig. 3.) 

3. Suspected loss of control of shock absorbers due to 

ormal heating up in driving the car over a wavy road. 


vertical com 


Figs. 4 and 5.) 

4. Indication of numerical vibration effects of differ 
t bracings of frame and body in a particular car at 
‘rious speeds over a given gravel road, which led to im- 
rovement in construction. (Fig. 6.) 





5. Effect of tire 
six-ply tires on certain roads at 


pre ssure in 


| various speeds. A critical pres 
| sure for maximum comfort was 
discernible by the 
on one particular road that was 


instrument 


otherwise not definitely recog 


nized. ( Fig. 7. 

6. Reliability of instrument 
readings and effect of a shock 
absorber valve change. (Chart 


I.) 

Instrumentation is vitally 
needed by engineers studying 
routine riding comfor problems 
day by day. A satisfactory in 
answer 


peed.m.ph 


strument that gives an 
to a change in the suspension saves days, sometimes 
months, in arriving at solutions to problems, and fur 
nishes the engineer that certain changes in 
the elements of suspension affect the ride certain ways 


assurance 





CHART I—RIDING QUALITY TEST! 

Object: 

To determine effect of valve change in shock absorbers 
on vertical accelerations of chassis of six-cylinder, 1935 
sedan on wavy road. 

Location of Instrument: 
Accelerometer bolted to rear floor 
frame side rail with rubber pad interposed. 
Speed: 

50 miles per hour. 

Road Conditions: 

asphalt, undulating. 

5 miles North; and 5 miles South 


boards close to 


~s 


— 


Surface 
Distance 
Results: 


Same (with slight chanae 
Runs Std. Prod. Car in shock absorbers) 
North 1 91.86 96.97 
2 93.48 97.0 
3 93.48 
South 1 101.50 103.00 
2 100.22 103.10 
3 102.91 
Note: The difference in ride was just noticeat | 
bility of the instrument is indicated by its abilit w 


1 few percent 
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A New Moisture Indicator for Woo: 


By M. E. DUNLAP 


Senior Engineer, Forest Products Laboratory!, Forest Service, U. S. Department of Agriculture 

































































OR several vears investigators at the Forest Prod Phe measurement is made by manually rotating 
icts Laboratorv have striven to deve lop i means pointe r to which is attached a screw, the point ot w . 
for the rapid determination of the moisture con moves down to meet the target and upon contact fla . 
ent of wood and other hygroscopic materials. Consid i small electric lamp. The position of the pointer 
rable success has been had in this field. particularly represents the moisture content of the wood under + 
with electrical instruments. Such devices, however, are the drier the wood, the further the screw must be tu 
elatively expensiv to make contact. The power is furnished by two 
Qne of the ¢ irl est instruments tor at termining mols “pen lite ie cells connected in parallel. The light thr 
t content, the wood hygrometer, partially filled the t bright beam readily seen in daylight. 
need for an inexpensive instrument, but it was never Calibration may be made by exposing the elemen 
commercialized because it could not be shipped success blocks of wood of different moisture contents and rec: 
fully nercurv was used, and rough handling impaire d ing the points on an arbitrary dial seale. Then the blo 
libration ire oven-dried, their moisture contents computed, 
Promising to meet the low-cost need, a new instru the points plotted ona chart (as in Fig. 2) showing 
nt is been worked out employing the relationship relation between moisture content and the = arbitra 
«tween relative humidity and moisture content of hy scale. For convenience, the arbitrary scale may be ¢ 
groscopic materials. If wood is exposed to a given rela verted into one registering moisture content (by proj: 
ive humidity it will approach a definite moisture con ing calibration points as shown at the bottom of Fig 
ent and conversely if wood of a given moisture content to make a direct-reading instrument. ¥ 
s confined in a small space, the humidity about it will Fig. 3 illustrates the rapidity with which the inst xh 
become constant and approach equilibrium with it. Thus ment responds to a change in humidity. Starting | 
that is necessary to determine the moisture content points A and B on the chart the approach to equilibri Vii 
if wood is to measure the humidity in contact with it under several different conditions is shown. The u \p 
mate moisture content was reached within a few a 
utes after the change in exposure took place. isl 
ATT, Such an instrument should find utility where only el 
Nc et a2 \ small number of tests is required. It should work o 
a? as, \ well for the inspection of material by architects ar 
: engineers. Several modifications may be easily worl | 
out whereby it may be used to measure the moisture i 
tent of a variety of hygroscopic materials. W] 
A patent dedicated to the public is being applied for 1a 
so that anyone wishing to do so may make the instr 
ment for use or sale, subject of course, to the rights 
others not known to the F.P.L. The instrument is not . 
vet available, but as soon as its manufacture is tal 
up an announcement will be made. Those interested re 
the manufacture of the instrument may consult memb« 
Fig. 1 of the F.P.L. statf if further information is needed 
his is iwccomplished with the new in Too mo poe 
strument by drilling a 14,” hole, a little Too ro t4-4-+-+-+ An 
wer 114” deep, in the lumber to be jSeeceeeecees +t it 
tested and measuring the humidity that aa anal Pret TT 
leve lops therein. | | [] a | ==> ; + coo ee’ 
Che instrument is shown in Fig. 1, 7 SSSGee eee es | +t 
together with a ratchet hand drill for < | | | Bene a St 
naking the hole. From the under sid ¥ | a8 oe rt sy T T 
f the instrument projects a_ short ett tort $4 aS ay 
perforated tube in which is mounted a | $44 rrr oa : 
= Bee SRE g 
small piece of goldbeater’s skin 0.25 g +++ tt * = 2 a 
wide and 0.30” long. One end of this “ | Coe : | |_| 
element. is attached to the tube, the S| | | EB rt 4 q l | wei 
other to a light spring lever by a fine Sel eae ai if % 
wire which moves a target up and | | 8 ell oe | 
down as the humidity varies. Mechan ct coo : 
cally, this IS all that the moisture i i i” x ae 
sensitive element must do. It does not } ‘on oh i oe ee ee ee Se ee 
ictuate in indicating de Vice and hence + | | l helesrdaey llale’ leading’ [ | | LARReeaeom 
may be extremely light and sensitive. os ww awne 76 - BN wee “TJ [ | [ | | | | 
Mainta t Madison, W errr ee 3 ¢ shorindn? Schte reutenr™™ i ts a: aaa 
the University of Wis Fig. 2. Calibration curve. Fig. 3. Moisture content equilibrium curves 
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‘arbon-monoxide Indicators for Aircraft 


By S. H. J. WOMACK and J. B. PETERSON 


Aeronautic Instruments Section, National Bureau of Standards, Washington. D. C. 





normal atmospheric pressure, the maximum 

concentration. of carbon monoxide to which a 

person may be exposed without harm for one 
is 0.04% by volume. More recently Diringshofer 

Hartmann” conclude that the permissible concen 

m by volume is 0.02% at zero altitude and falls to 
105 it about 15.000) feet. Carbon monoxide in 

ities dangerous to personnel may be present in 

ockpit of an airplane or in the engine nacelle of an 
ship by reason of such causes as (a) a leak in an ex 

line when the exhaust from the engine is used to 
it a cabin or compartment, or (b) an unforeseen 
ndition of air flow resulting in flow of exhaust gases 
to the cockpit of an airplane. It therefore is advis 
to have a carbon-monoxide indicator suitable for 
in aircraft. In some cases a permanent installation 
desired; in others merely a test to insure that the air 
low about the aircraft is not such as to carry the engin 
xhaust into the cockpit or cabin. 

The  carbon-monoxide indicator, modifications — of 
which are here discussed, was made by the Mine Safety 
\ppliance Co. (MSA). The story of the development 
if this type of carbon-monoxide indicator has been pub 
ished':"*. Other types of instruments have been di 


eloped” "">. The instrument consists essentially of 

1) means for continuous sampling of the air to be tested, 
(b) a chemical for absorbing moisture, 

( cell in which the CO is converted to COs, and 


(d) an indicator of the rise in temperature of the cell, 
hich is graduated in terms of percentage of CO 
White” gives the results of tests on U. S. Navy air 
planes using indicators of this type. 

At the request and with the codperation of the Bureau 
4 Aeronautics of the Navy Department, certain of the 
ommercially supplied instruments have been modified 
») make them more suitable for use on aircraft. ‘These 
nodifications have included 

(a) the addition of a regulating valve for automatically 
mtrolling the rate of flow of the air being sampled, 

b) the use of a source of suction external to the instru 
ent, and 

¢) remounting parts so as to reduce weight and size. 
\n alarm was perfected and added to an instrument 
ntended primarily for airship use. Methods of test 
have been developed and performance data have been 
iccumulated. 


nsed trom N itional Advisory Committee tor \eronaut 


573, 1936. Publication approved by the Director 
Bureau of Standards of the U. S. Department of Commer 
S. H. Katz, D. A. Reynolds, H. W. Frevert & J. J. Bloomft \ 
Monoxi Recorder and Alarm. Bureau f ne hy 
H. v. Diringshofen & H. Hartmann. Kohlenoxyd wu Hoheny 
\ltitude Effects of Carbon Monoxide), Luftfahrtforschw Vi 
] 30, 1935, pages 121-123 
W. Frevert & E. W. Francis. Improved Analyzer for ( 
le in Air ndustrial é& Engineering Chemist? (A) 
34. pave 
tA ( nuous Carbon Monoxide Indicator. Journal 
Vol. 9, 1932, page 32 
Ss. S. Tomkins. Gas Detection Instruments. Proceedis 
issn., 1932, page SII 
4 Carbon Monoxide Detector. Chen ] 1 ae Londot \ 
page 463 
'O. Pfundt. Carbon Monoxide Recorder r hen 
1933, page 69 


Details of the Carbon Monoxide Recording Apparatus of t Ver 
I Installation in Mersey Tunnel. 7) Electra n, Vol 1, 1 
Joel J White. Carbon Monoxide ind its Relation to Aircraft 
wy Medical Bulletin, Vol. 30, April 1932, pages ¢ 
qT. W Frazer & ( C. Scalrone U. S. Patent 1345323, Jur 


DESCRIPTION OF MODIFICATIONS 

In the instrument as usually furnished, a motor and 
a vacuum pump are provided to draw the sample of 
ir through the instrument. This arrangement is not 
ideal for aireraft in all cases since a source of curren 
is needed for the motor and— more important—the bulk 
of the instrument adds to the inconvenience of installa 
tion. In the improved arrangement the source of su 
tion is external to the instrument and may conveniently 
be the intake manifold of the engine or a small Ventur 
tube mounted in the slip-stream. Fig. 1 is a schematic 
diagram of the air flow in the carbon-monoxide indicator 
so modified. Air that is being tested flows continuously 
through a canister containing a chemical drying agent, 
a capillary tube type flow indicator, a hopealite cell 
and, in the case of the modified instrument, the flow 


regulator. 





OW 
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Fig. 1. Diagram of 
airflow in a modi- 
fied carbon-monox- 
ide indicator. 


Fig. 2. View of 
modified carbon- 
monoxide indicator. 





From this point on the description will be confined 
to the modified instrument (Fig. 2 Phe heart of the 
instrument is. the hope ilite cell’! in which the car 
bon monoxide is converted to carbon dioxide. Hopealit 
is the trade name for a granular mixture of manganese 
dioxide and copper oxide, which serves as a catalyst 
for the reaction. One end of the hopealite cell is filled 
with active chemical; the other end with inactive chem 
ical. A series of thermocouples is used to measure thy 
difference in temperature between the inactive and ac 


tive parts of the cell. The output of the thermocoupl 
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Fig. 3. View of carbon-monoxide indicator and alarm. 


s indicated by a voltmeter graduated to indicate CO 
content in the range 0-0.15% . The millivoltmeter sup 
plied with the instrument has a range of approximate ly 
20 millivolts for full-scale deflection and a resistance ol 
65 ohms 

In view of the variation that may be experienced in 
ithe external sources of suction, such as a Venturi tube, 
t was thought essential to provide an automatic flow 
regulator. The flow regulator is actually a suction regu 
lator that maintains a constant suction inside of the 
metal bellows (Fig. 1). It follows that if this suction 
is constant the volume flow will also be constant. The 
rate of flow is adjustable over a wide range by means 
of the vertical valve stem at the center of the bellows 
and over a shorter range by means of the manual ad 
justment. This adjustment consists essentially of a flat 
spring, the pressure of which on the top of the bellows 
is adjustable by means of a screw. 

The flow indicator is of the capillary-tube type. A dia 
phragm-type manometer was substituted for the U-tube 
manometer used in the commercial instrument. 

The modified instrument (Fig. 2) is mounted in a 


- ” 1 ” 


81.” aluminum case. It weighs 8.0 Ibs 


ALARM ATTACHMENT 


At the request of the Bureau of Aeronautics an alarm 
to indicate the presence of CO in excess of 0.02% was 
added to an MSA instrument in 1933. The instrument 
was designed and constructed for continuous operation 


on the [ 
tachment was made, the suction-operated instrument 


S. airship Akron. At the time this alarm at 
previously described had not been developed; therefore, 
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Fig. 4. Diagram of electrical circuit of the alarm. 


an instrument with a motor operated pump was 
An external source of suction is probably preferabl 
future alarm instruments. 

A front view of the instrument with the alarn 
tachment is shown in Fig. 3. 

Fig. 4 is a wiring diagram of the alarm. Th 
phone switch marked “test,” “alarm,” and “indica 
on the panel (see Fig. 3) normally stands in 
“alarm” position unless manually held in one of 
other positions. When in the “alarm” position, the 

; 


put of the thermocouples in the hopealite cel 
directly to a Weston Model 534 relay. The relay « 
trols the grid circuit of a type 171-A vacuum tub: 


\ 


Burgess vacuum contact relay in the plate circuit of t 
vacuum tube controls the danger signal light (“dang 
in Fig. 3) and the buzzer alarm. 

The percentage of carbon monoxide in the sam 
is indicated on the electrical instrument when 
switch is held in the “indicator” position. If the inst) 
ment has been in continuous operation on the “alarn 
position the indicator may be read immediately afte 
the switch is moved to the “indicator” position. 

In order to test the operation of the relays and alar: 
apparatus, a means of applying a voltage to the firs 
relay equivalent to that produced by air containin 
0.02% CO is provided. The telephone switch is held 
the “test” position and the “test voltage adjustment 
knob slowly turned up until the pointer of the electri 
indicator reaches the 0.02% mark. The alarm signal 
should then operate after about 4 seconds. (The pur 
pose of this 4-second lag will be explained in the ne» 
paragraph.) Failure to operate in this test indicate 
need for adjustment of the electrical circuit as, for e% 
ample, adjustment of the relay contacts. The frequer 
of test must be determined by experience. 

The lag mentioned in the preceding paragraph 
produced by a capacitor installed across the conta 
of the sensitive relay in the grid circuit of the vacu 
tube. The contacts of the relay are normally closed and 
with the capacitor in the circuit, remain open for abo 
3 or 4 seconds before the alarm signals operate. Hen 
a continuous voltage must be maintained on the re! 
before it will operate. This arrangement prevents fa 
alarms due to a momentary opening of the cont 
caused by excessive vibration of the instrument. 
capacitor also reduces the amount of sparking at 


t 


ac 
| 


contacts of the sensitive relay. 

The buzzer alarm or horn is external to the instr 
ment and is connected to the electrical circuit at t! 
binding posts marked “buzzer” on the panel. 





creases 29% at differential pressures of 0.75” and 1.35 
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Fig. 5. Effect of rate of sampling on the indication. 
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Fig. 6. Time-response characteristic of carbon-monoxide indi- 


cator when flow indicator reads one inch of water. 


The power requirement of the apparatus is 0.25 amp., 
110 volts d.e. As shown in the electrical diagram, the 
vacuum-tube filament and the vacuum-pump motor are 
in series. The characteristics of the circuit are such 


that the vacuum-tube filament is not injured by the 
normal starting current of the motor. 
PERFORMANCE CHARACTERISTICS 

ests of the carbon-monoxide indicators show. the 
following: 

1. The e.m.f. developed in the hopealite cell is di 
rectly proportional to the CO content of the sample. 
within the limit of accuracy of the method of analysis 
of the CO-air mixture (iodine-pentoxide method, limit 
=0.003 % ). 


2. For a mixture containing 0.05% CO, the maxi 


mum indication occurred when the pressure gage of the 


flow indicator indicated approximately 1” of water. 
lhe CO indication is plotted against indication of flow 
in Fig. 5, where it is seen that the CO indication de 


” 


ot water. 


rhe rate of flow of gas through the hopealite cell has been 


selected so that the instrument is normally operated on the flat 
top of the curve shown in Fig. 5, in which region the CO indi 


ition is practically independent of the rate of flow. Assuming 
hat the flow is manually held constant, the CO indication de 
reases as the air pressure decreases. Laboratory tests in an 


iltitude chamber have checked this characteristic at altitudes 
0 13,000 feet. However, if the instrument is constructed to op 


rate at sea level at a greater rate of flow than that corre 
ponding to the top of the curve (Fig. 5), the CO indication 

ill not be appreciably affected by a large decrease in rate of 
mw and will thus be practically independent of altitude. 

3. The indication of the instrument against time, 
iter a sample of given CO content is started through 
he system, is shown in Fig. 6. Five minutes is a safe 
iterval to wait before taking a reading. 

t. No appreciable change in indication is obtained 


‘or changes in instrument temperature in the range 
f ~o ‘ ry . . 

‘rom —5 to 40 C. The tests were made using an in 
‘trument with a fresh hopealite cell. Excessive change 


n reading with temperature is an indication of the 


necessity of renewing the hopealite cell. 
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Fig. 7. Diagram of testing apparatus. 


5. Within a wide range of suction the flow is held 


constant by the automatic flow regulator. A minimum 
suction across the indicator of about 4” of mercury is 
required for automatic operation. Operation on a sue 
tion as low as 1.5” of mercury may be obtained by dis 
carding the automatic feature and securing constant 


flow by hand regulation of the manual regulating screw. 


METHOD OF FIELD TESTING 


It is essential under some circumstances to be able to 
test carbon-monoxide indicators in the field. ‘The meth 
od developed for this purpose has also proved to be 
convenient and adequate for calibration tests in the lab 
oratory. The arrangement of the apparatus is shown in 
Fig. 7. The standard sample is a evlind r of air at high 
pressure (2,000 Ibs. in. containing a small accurately 
known percentage of carbon monoxide. If one evlinder 
only is available, it should contain about 0.03% of CO 
Since the results of many tests indicate that the e.m.f 
developed in the hopealite cell is directly proportional 
to the CO content of the sample, it is thought that fie ld 
tests at more than one point are unnecessary. A pres 
sure gage for measuring the tank pressure and a redue 
ing valve are mounted on a panel. A U tube Init reury 
safety valve, which serves primarily to protect the car 
bon-monoxide indicator from excessive pressure, is also 
used to indicate the input pressure. 

An instrument to be tested is connected as shown in 
Fig. 7. A suction source must be provided if a suction 
operated instrument is to be tested. The instrument is 
operated exactly as explained in operating instructions, 
except that the sample is drawn from thi evlinder of 
known CO content. The fresh air for the preliminary 
operation of the instrument is drawn in at the pinch 
clamp. If the reducing valve reduces the pressure to a 
fairly low and constant value, it is easy to manipulate 
the auxiliary needle valve and the pinch clamp at the 
same time so that the flow is transferred from fresh air 
to the sample of known CO content without subjecting 


any part to excessive pressure or suction. 


The time during which the CO sample is allowed to 
flow through the instrument should not be longer than 
necessary because of depletion of the sample and of 


the active hopcalite. 
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Fundamental Applications of the 
Cathode-ray Oscillograph 


\ 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. 


ENCY COMPARISONS 


ln calibrating such a device iS an audio oscillator 
| few 


in Output ot only a 


tandard which has 
100, 1000 and 10.000 eveles) there 
method of interpolating. 


Is 


\ 


mav be calibrated iccurately at 
nt mediat Prequencies The cathode-ray oscillograph 


Rasmussen has described’ a conven 


‘ possible 


‘ 
! Md which is essentially as follows: A gear-wheel 
Oran W » normally might ippear as in Fie. 3 is 
meated so that only the central portion ot HY top 
1 show m the sereen. This is done by increasing 
plitude of the frequeney producing the tim base. 
pplving suitable d-c. biasing voltages to the de fle 
i plate cireuit to shift the desired portion of the trace 
nt of the sereen 
teant seen tha f the higher frequency is a direct 
} tf the base frequency, i distorted ellipse ay 
it low ft equency ratios, or a gear shaped diagran 
higher frequency ratios However, if the ratio is 
pro} traction, a multiple or woven fioure ip 
) ype such as shown in Fig. 5a 
s effect is utilized to determine the intermediat: 
ney wints of the calibration \ count is made of 
rf Cs / that the trace intersects 
nee lin drawn anywhere po rpendicular to the 
ited axis. I has been shown that the ratio of fre 
juencies is always equal to V4 vr 1.) where N is som 
teger and wv is less than JZ and not having a common 
\ t. kor instance if the section of the pattern 
nes, Fig. Sb. the ratio is either \ Me) on 
\ Such a system therefore can be used when 
“ quencies have a quotient equal tO an ImMprope 
mn with a denominator of im value up to 10 or 12 
iossibly more. Fig. 5¢ shows four interwoven lines, 
1 5d tive nes. It was also shown’ that when woven 
rns with as many as twelve lines were used, cali 
r m points approximately 2 apart were obtained 
Yoints closer than this can be obtained by noting the 
; which the figure shifts laterally when the fre 
j ne\ itio differs little from that of an improper 
tion with a relatively small number for denominator 
t diagram shifts along the horizontal axis a distance 
sponding to one cvele in one second, the frequency 
i ) th standard times. the ibove mentioned 
ne evel he sign depending upon the direction 


+ 4.6.8. 


" CX \ x \ 





of the 





SS ae 


shift. Such a movement is readily noticed 


‘eference line is drawn on the end of the tube. 


riME STUDIES 


in the measuremet 


{ those used 


Setups similar to 
may also serve for the measurement 


Trequeney 
intervals. as in locating fault 


tremely short time 
measuring the time between the initiation of a pulse 
plied to the line and its return by reflection fron 


fault; studies of the ionosphere by timing radio ec 
ind the analysis of the performance of internal-con 


When 


tion engines under various ignition conditions. 
order of microseconds, the 


time interval is of the 
traverses the screen so rapidly that photographic re« 
are generally required. 

Kither a high-frequency linear 
having a high rotat 


time base might 


used, or else a circular time base 


speed so that the time interval that is to be record 
spre id out over a greater area. In the case of a cir 
uli 


time base the pulses representing the time interval 
study are applied so as to produce radial excursions f1 
as in the case oft Trequency comparis 
measured in this cas 
In the 


the normal trace, 
Angular distanees must be 


else the distances alone the circumference. 
method the center of the cirel or ellips ) must 
di line ated by momentarily removing both de fle 


Is at the same time. In the 


Pemtarsads 


latter case the no 


time base circle must be superimposed on thi 
well, so that the normal circumference is visible 


In thre latte r case, if the base 
in ellipse. corrections must be 


ference values, since equal distances along t 


is not a true cirel 
applied to the cir 
he periph 
ot an ellipse do not represent equal divisions of 

This can bye dont by a 
graphic method if the el 
lipse is undistorted. Con 
struct a circle having a 
common center with the 
ellipse and a= diameter 
equal to the projected 
length of the ellipse on 
one of the deflection axes. 
as in Fig. 6. Lines a and 
b, from the two points on 





the ellipse represe nting 
the time interval to be measured, are projected 
the cirele, being perpendicular to this axis, as in 


cated by the points a’ and b’. The are a’b’ between 


intercepts represe nts the re quire d time interval. 


DISCONTINUOUS DIAGRAMS 


In manv cases it has been found that the use of 
continuous diagrams, as described in the last issue, 
duces the amount of work involved in the computat 


trom thre oscillograms, although the accuracy with 
It is necessary to rot 


4] 


method is usually not as great. 
the spot at a definite rate, savy 60 or 1000 revolutions 
\s an example, assuming the 
for an interval of 
approximat 


second. former ra 
the stream is interrupted 
an angular dark sector appears, 
sector Is directly pl 


0.01 


S¢ cond 


in extent. The length of this 


OO 











tional to the time interval during which the modu 
n bias of the cathode-ray tube is altered. ‘The 
eess can be varied so as to reéstablish the cathode 
during the interval measured, having normally set 
bias so that the ray is nearly extinguished. For 
ver time intervals than that corresponding to on 
‘lution of the time base, several cycles of the spiral 
base can be utilized, as described in the April 1936 
icle (page 115). 
in another method the above procedure is reversed. 
ming wave with a known frequency can be applied 
he modulation grid of the cathode-ray tube so that 
stream is interrupted at a known rate. Any configura 
n on the screen due to the application of any typ: 
waves to the deflection plates will then appear as a 
w of dots. One method is to jerk this figure to a new 
sition during the interval being measured, so that the 
inber of dots on this offset section indicates directly 
length of time. It is not essential to have a true 
rele, since a count of the dots only is necessary. To 
ive a sufficiently large number of dots during th 
asured interval, the timing-wave period should be 


iny times shorter than that interval. 


PHASE EFFECTS 

If two sinusoidal potentials of the same frequency are 
mnected to the deflection plates, a straight line appears 
m the screen whenever both potentials are in’ phase. 
This matter has been described in the previous artich 
ind the gradual changes of the shape were shown: line 
llipse—circle—ellipse—line (now at right angles to the 
first line ) ellipse circle ellipse line " Each comple te 
series from a straight line back to a similar line pointing 
in the same direction represents a gain of one cycle in 
me of the frequencies, or in other words, a 360° shift. 

\ true circle will never be obtained unless the ampli 
udes ot the two deflections are the same and the wave 
form sinusoidal. Since the sensitivity of the two pairs of 
deflection plates may not be equal, the actual potentials 
required to produce a circle must compensate for this 
difference. So in the above evele of diagrams the term 
circle’ may actually refer to a vertical or horizontal 
llipse, as distinguished from a sloping one. 

Since cathode-ray tubes are so frequently used in 


phase studies. a brief analvsis of this series of ellipses 
































will follow. In Fig. 7a, the amplitude of one of the di 

Hecting potentials has been increased from O41 to OB 
and then to OC, without altering its phase relations with 
respect to the potential producing the other deflection 
It will be seen that both the size and shape of the re 

sulting ellipses are changed the reby. Inspection of th 
three curves discloses two similarities: the vertical pro 
jections of each ellipse on the 2 axis coincide at F, and 
all the curves intersect this axis at the same point at I 

At the instant of time at which this intersection oceurs 


the frequency f is passing through zero, while the way 


O] 
n lags by an angle whose sine is equal to 
OO} 
Therefore. using the customary notation with regard 
the angles and their signs. 
é / OF sit ( 
OL 
where 4 ire sin — and k is a calibration constan 


of the tube (the relative sensitivity of the two pairs 
plates 

In Fig. 7b the amplitude of the other potential was 
changed also without changing the phase relation. Al 
though the values of both OF and OF are now altered 
it will be found that their quotient remains unchanged 
indicating that the results are independent of the rela 
tive amplitude of the deflections. This is the basic prin 
ciple for determining the phase difference between cer 
tain separate parts of any electrical circuit. 

In Fig. 8 the curves NX, Y, 


change between certain points in a circuit, that is the 


and Z repre sent a phase 


curve NX gradually changes: passing through the shap 


Y and ending with the shape Z. This change represent 
amount equal to 


SIT) ( 7 ) Sin : ) 


Gr’ * OF} 


Phese conditions will hold even if one of th poten 


al 


} 


varies in intensity, provided that the other remains con 


stant. If both potentials vary, an instantaneous photo 


graph must be taken to determine the phase differen 


even if the latter remains unchanged. ‘These determina 
tions are not conclusive when the figure is approximatel 


i circle, or when the ellipse is so narrow that it ap 
proaches a straight line. In either of these cases 


rht be drawn perpendicular to 


tangent to the curve mi 
the vertical axis of the sereen. The ratio of the distance 
from this axis and the point of tangency, to the maxim 

deflection in the horizontal direction is equal to the sin 
of the phase angle. The accuracy of the latter determina 
imation of the location 


ot the point of tangency. It is desirable, if possible, 


} 


tion depends upon the correct est 


shift one of the applied potentials 90° whenever th 
ellipse to be measured is nearly a circle. In the case of 
1 


narrow cllipses. the value of he sine 4 can otten |t 


obtained more readily from the relation 


r~ + | Www’ 
sin @ = 
r LI 
Se @ 
where r in Fig. 9. Should the deflections be a 
P.. ty 
curately idjusted so that 7 1 thre PFOCESS 
wh’ 
simplitied since sin 4 2 . 
El 
\s in the previous cases, howe VET. lie illow iriee 


he made for the width of the line itself in the determin 


tion of all distances. 


In the study of phase relationships in the more co 
plicated diagrams. such as illustrated in Fig. 2. it may 


help if these figures are considered as long narrow 


ellipses wound around a transparent cylinder. From tl 
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( a Y Y 
wpoint even the single line figures are types ol 
pses. In Fig. 10 one diagram of the series in Fig. 1 
n drawn to indicate the evlinder. It will be 
noted that eve ry possible variation of the phase rela 
ms between n and f (where | kn) will be delineated 


the evlinder is viewed successively from all directions 
rpendicular to its axis 


Phe determination of thr phrase displacement between 


waves having harmonic relations with each other can be 
lone in the same way. Refering to any of the diagrams 
n Figs. 1 or 2, will be noted that whenever the fre 

quency ratio is an even number the trace cuts one of 


he axes at but one point As before. the relation between 
to this intercept and the maximum defle« 


mm Is equal to the sine of the phase ingle see Fig. 11 


the distance 


\\ nen odd frequency ratios are encounte red two or more 
l : 
] 
ntersections are found, any one or all) of which values 


in be substituted in the same formula. 
HIGH FREQUENCY PHASE STUDIES 


In most cathode-ray tubes, both phase and amplitude 
distortions occur when extremely high frequencies (over 
one megacvele ire impressed on the plates. A_ finite 
nterval of time is required for the ray to pass from the 
center of one pair of plates to the center of the other 
pair. As an example, if the anode voltage is 500 volts 
the speed of the rays may be less than 4¢¢ of the speed 
of light. If the distance between the centers of the de 
fection plate pairs is 3 centimeters measured along thi 
ixis of the tube, the phase error is about one degree 
When a Prequeney of one me gacvcle 1S studied. \t highe r 
frequencies his error is proportionally greater. 

lo correct for any error due to this effect, the ratio 
if the distance the trace intercepts the vertical axis to the 
maximum deflection, must be averaged against the hori 
zontal intercept to the maximum horizontal deflection. 


In other words the phase angle is more nearly equal to 


OG OR 
sin ( ) refering to the symbols in Fig. 
wt fe OX , 


9. The effect of amplitude distortion due to frequency 
characteristics was described in the Dec. 1935 article. 


Ha Cathode-ray © ywraph ir e Study of Pow Lo 
wenn renterde Vaurs R weh. Vol ; na g 
B Applications of Cathode-ray Oscillogra , 
’ Enow, rs. V 102 aa wwes 1878 
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Fig. 13 
ANALYSIS OF ELLIPTICAL RECORDS 
In the usual condenser test for dielectric losses a n 
row ellipse is the basis of all measurements. The 
racy is therefore low, by reason of the difficulty in 
mating the length of the minor axis, due to the relatiy : 
wide line with which the ellipse is traced. 
The author usually finds it more convenient to ‘ 
the ellipse laterally along one of the deflection axes 
that a series of loops is produced, as in Fig. 12 
If the speed of this lateral translation is adjuste 
that the points where the loops intersect (as at a, : 
ete.), are on the a2 axis of the screen it will be found a 
the minor axis is then equal to 1, (ab) sin 6. ne " 
Since ab loac lsad, ete., its value can be d sae 
termined across several loops with much greater aci “"' 
racy. This method calls for a carefully adjusted lin: wh 
timing oscillator for moving the ellipse laterally. ‘1 a 
value of # can be found readily from the ellipse its a 1 
when stationary. iti] 
A formula for determining the phase displacemen lim 
for other rates of lateral translation has been publish: cur 
by Harris > who gives a general solution to this probk sate 
ind reports practical tests on the power-factor of co * 
de nsers. ou 
SCREEN CALIBRATION SCALES "i 
A phase checking scale made after the arrangem — 
shown in Fig. te of the December 1935 article, wher = 
the successive graduations are proportional to the si ma 
of the angular intervals from 0 to 90°, will simp! se 
the determination of phase angles in many cases. In u lg 
this scale is placed against the screen with its axes coi! 
ciding with the axes of the deflection system, and t 
deflections are adjusted so that they coincide with 
90° lines on the seale. This adjustment is easily accol 
plished by removing the deflecting potentials one at 
time and adjusting the value of the other to the corre : 
length. 
The phase displacement is indicated directly wher 7 
the trace intersects the axes, as shown in Fig. 13, wher 
a 30° shift is indicated. rj 


’ . , v; 
Continued on page « 





\utomatic Control of 
oltage and Current 


rth instalment of cal Measurements and Control.’’ This series bes 
(see editorial page of November 1933 issue). All rights reserved by th thors 
By PERRY A. BORDEN and M. F. BEHAR 
Member A.I.E.E Editor, Instruments 


6. Regulating Circuits utilizing Non-Linear Resistances. 
The best-known example of the non-linear resistance is found in the con 
tor which varies its conductivity with temperature, and whose temperature 
function of the current which it carries. This principle is utilized in many 

s in the regulation of currents and voltages. The simplest application is 

nd in the “ballast resistance,” usually in the form of a metallic filament 

sed in an evacuated or gas-filled envelope similar to an incandescent lamp, 
inserted in series with the circuit to be regulated. A rise in the supply 
tage tends to increase the current in the circuit, including the resistor, which 
reases its temperature, with a corresponding increase in resistance, so that 

circuit as a whole does not follow Ohm’s law.”’ It is obvious that such a 
stem cannot give perfect regulation, and that a specific value of resistor 

uld be required for every value of load. The principle, however, has a useful 
pplication, and has been widely applied in devices ranging from the Nernst 
mp of several decades ago to some of the most modern radio circuits. 

The self-regulating properties of heated conductors may be utilized more 
ffectively than in the simple series circuit by combination into what is com 

nly known as a temperature bridge**; and this network may be used either 
to minimize or to amplify changes in the value of the applied voltage. When 
ised directly for the regulation of voltage, the circuit takes the form of a four 
rmed bridge having one arm, or two opposite arms, of a high temperature 
oetficient of resistivity (generally incandescent lamps with metal filaments) 
ind the remaining arms of fixed resistance. Line voltage is applied to one 

ur of opposite corners of the bridge and regulation is effected at the other 
ur. The performance of the lamp bridge differs from that of the bridge 
ircuit as used in cold-end compensation of pyrometers** or in temperature 
compensation of instruments,** in that the sensitive arms operate at a high 
temperature due to current flowing in them, and that the temperature changes 
with changes of voltage are so much greater than normal variations in ambient 
temperature as to make the latter in most cases negligible. 

The regulating properties of the lamp bridge are used in two ways, one in 
which the bridge is essentially unbalanced and a regulated current is drawn 
from the network, and the other in which the bridge is balanced at a selected 
voltage value, and unbalance conditions consequent upon voltage changes are 


itilized for regulatory purposes. The first of these methods is essentially 
limited in its application to those uses where it is desired to draw a small 
current of constant value from a variable voltage source ’ The respective 
irms are so proportioned that with a certain value of current flowing any 
hange of voltage will tend to disturb the balance in a sense to oppose at the 
output” terminals the change at the “input” terminals. 

The broadest application of the lamp bridge is that in which the network is 
balanced at the value to which it is desired to regulate, and the unbalance 
urrent is caused to act in some form of relay circuit or mechanism. This 
network seems to have originated with Bradley over half a century ago,** and 
vas made the basis of a number of practical circuits in measurement and con- 
trol by Howell** some years later. It was used by Edison as a voltmeter and 

1918 Alcutt described*® a potentiometer employing a similar bridge in lieu 


lr. H. Amrine. Incandescent Lamps as Resistances: Transactions A.I.E.F., Vol. 31, 
ges 1525-1535. 
“Albert Campbell. On Test-room Methods. Journal Institution of Electrical Engineers, Vol 
1, pages 889-908, (For constant-voltage bridges, pages 9 + only.) 
_ ae Jehar. Temperature Measurement and Control. Instruments Publishing Co., Pitt 
reh, 1932: Fig. 78, page 158. 
t/nstruments, April 1936, Fig. 46-1, page 117. 
Paul MacGahan. Circuit Voltage Regulator. Electric Journal, Vol. 29, Oct. 1932, page 48 
James Spencer. A Current Stabilizer for Instrument Calibration. Instruments, Vol. 6, 1 


7U.S. Patent 280,563. C. S. Bradley, July 3, 1883 

“J. Howell: U. S. patents 339,058 (March 30, 1886), 356,041 (Jan. 
SS/ FP 

%C. A. Allcutt. A New Standard of Current and Potential. Transactions A.I 


I, 1918, pages 167-173. Discussions on pages 183-188, one discusser being C: 
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j ] 1] . oy L lide . en 
t cadmium standard cell for standardizing the slide-wire current, 


\ 


his method an accuracy of 0.1%. A more modern portable potent 
mploying a temperature bridge is commercially available.* 

The general principle of the lamp bridge will be understood by refi 
to Fig. 48-29 in which L and R represent metal filament lamps and 
esistors respectively. A voltage applied to opposite corners of the net 























is shown will cause a current to flow through all arms of the bridge, 
lamps, and bringing their resistances to values corresponding to the 

MOISTURE 

TELLER 
The Most Practical Moisture Test 
The only rapid moisture test 
employing drying by evapora- 
tion. 

ACCURATE—RAPID flowing in them. It is obvious that if the network is adjusted to be bala 
est moisture in fabrics. sands. with a certain definite voltage applied, a change in voltage will alter 
salts, pulps, foods, solid fuel, resistance of the lamps without affecting that of the other arms, thus upsett 
sadicaitiaaiie. the balance and causing a potential to be applied to the terminals of i1 

ment V. It will be further apparent that the polarity of this potential 
Write for Literature related to that of the supply will depend upon whether the latter has increas 
. or decreased. Thus, the voltage at V reflects to an exaggerated scak 
Harry W. Dietert Co. change in the line voltage and may be used in a suitable relay mechanist 
676 A West Grand Blvd. command a controlling device.*” This principle has been used satisfactori) 
Detroit, Michigan many years in the regulation of voltage for lamp testing. 
The lamp bridge is effectively used in conjunction with an electronic an 


fying circuit in a carbon-pile regulator used by the Safety Car Heating 
Lighting Co. for excitation control, as shown in Fig. 48-30. The 
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irrent in the bridge serves to control the grid of one of a pair of rm 








} 1 
cubes, according to whether the voltage is above or below the set value 
| Mont manufactures the most complete line : ’ 
' de Ray Oscillographs. Models available slate current derived from the tubes acts directly on the coil of a ma 
using and 9 h cathode ray tubes. Als , - aa 
rong et ag Berger candi Degraw soverning the pressure on the carbon pile, which is connected in the ma 
ee ee exciter field of the machine to be controlled. The general appearance of! 
These products are in the sixth year of su nechanical element of this regulator, including the carbon piles, is shown 
essf manufacture Every Cathode Ray Tube % 
used by Du Mont is engineered and manu- Fig 48 3] 
factured in the Du Mont Laboratories. Write “4 1 | : : - : : Bs ts 
Dept. X3 for detailed information There have been developed a number of regulating systems wherein 
; lamp bridge functions as a primary sensitive element, its responses being a 
Allen B. Du Mont Laboratories ; 
INCORPORATED S - oe ee 
UPPER MONTCLAIR, N. j.. U.S.A 404. W. Hull. Hot Cathode Thyratrons, Part 2, Operation. G.E. Review, Vol 
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d and rectified by other static devices, and the direct current so obtained 
d either where a regulated unidirectional current is required or as a 
of excitation for a generator. For a discussion of the essential principles 

ved in combinations of the saturable cored reactor with the electron tube 
the lamp bridge, the reader is referred to an A.LE.E. paper by Austin and 
‘r."’ A high degree of refinement in combined regulation and rectification 
wn in a recently issued patent,*~ wherein it is claimed that by various 
inations of a lamp bridge, a saturable reactor and a rectifying circuit, 
may be derived from a commercial a-c. service a voltage of sufficient 
tancy to permit its use as a source of slide-wire current in the measuring 
m of a recording potentiometer. 
\n interesting combination of the non-linear bridge with the saturable-cored 
r for regulation of voltage on a small a-c. feeder is described in a recent 
E.E. paper by Odessy.*” Though only an experimental model is shown, it 
irs tO possess Over most types of small feeder regulators utilizing satura 
the advantage that the secondary voltage is not subject to extreme distor 
f wave form. 





\pplications of the non-linear resistance bridge in regulation have been 

ially extended by a recently developed material known as “Thyrite,” PHYS | CA LLY FIT 
norganic ceramic compound which has the remarkable property of chang . 

from an insulator to a conductor as the applied voltage exceeds a critical for your instruments 


This material was originally developed for use in lightning arresters.’ When you want to compensate for ambient ten 


current through it increases 12.6 times for each doubling of voltage. It perature changes, provide temperature control ¢ 
5 ; : supe automatic operation for your instruments use 
be apparent that a bridge circuit similar to that shown in Fig. 48-29, o1 Truflex Thermostatic Bimetal. For Truflex has beer 


trained for these jobs. It is consistently uniform 


any of its embodiments in voltage regulators, using Thyrite instead of dua 46 preciden tabsicetion. 1 le unuscally strona 
1 


onductors, may be made to perform the functions of the lamp bridge a ee eee ne ween 


ad ¢ ‘ variations 
voltage sensitive element, and to pr wide ad definite and Instantaneous re Manutacturers of pyrometers, recorders ontroller 
sc to variations in a voltage to be regulated and many other instruments use Truflex because 
. : : = 5 is low in cost and easy to build into a product 
It is made in 24 combinations and comes in a 
oe a) ° shapes and forms 
. Current Regulation. Shy 
Find what Truflex can d for you. Send f 
) 1 | | ] handbook. 
Present-day standard methods of electrical energy distribution are based on 


‘maintenance of a constant voltage at a selected point in the system. In the 
days of electrical development, before it had become apparent whether 
nstant current or constant voltage would be the ultimate form, many ingen1 

s devices were produced for regulating the line current to a constant value, 
ese being particularly numerous in the field of series arc lighting. Though 
the essential principles of regulation are to a great extent applicable to both 


urrent and voltage control, most of the basically constant-current regulators K urmMANn 
ave disappeared or are now found only in rudimentary forms in other classes 

f automatic regulators. Constant-current systems are still found in certain OFFERS 
lasses of lighting circuits; and for this purpose it is generally possible to em 

loy the inherently self-regulating properties of some types of transformers, 


GENERAL PLATE COMPANY 


ATTLEBORO, MASSACHUSETTS, U. S. A. 








‘ 
~ . P A 7) ’ 
‘else make use of reactors depending for their characteristics upon the satu z Ne ux 
ration properties of their magnetic circuits D C 
(Note: The regulation of current for welding purposes is essentially a feature — 
] 


° - ° ‘ . . 
design of generators or transformers, and does not come within the scope of .) 247¢ ; 
( Cie i cs % N¢ l l LIN } Sensitive 
Instrumentation.) 
A survival of the earliest developments in constant-current practice is Relays 
ind in the constant-current transformer; and, while in the true sense of th 


ord it is not an instrument, yet in the interests of comp 


A leteness, and since it ben: — 
mpines to a degree that function of an instrument with that of a power If | 
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The constant-current transformer embodies the essential elements of an a 
transformer—a primary coil, a secondary coil, and a common magnetic circu 


having the magnetic circuit designed for high magnetic leakage and the two Pull up—drop out—speed 
vindings made relatively movable. Fig. 48-32 shows one form, in which th DROP OUT 
rimary coil is stationary at one end of the magnetic system, the secondary From 50 to 85% of pull. 
il being free to move vertically in the “window” of the core, and being CONTACTS 
ore or less balanced by a counterweight. Because of the high magnetic Fine silver—112 amps 110 V. A.C 
ikage across the air gaps of the core, the voltage set up in the secondary coil RANGE 
ill depend upon the position it occupies, being greater the nearer the wind 0005 V. 25 amps -to- 20 V. .00065 amps 
are together. Since the primary and secondary currents in any type of FEATURES | 
ransformer are opposite in direction, it follows that any current flowing i1 bam ga a 
IT. M. Austin & F. W. Cooper. Applications of Non-I r RUGGED 
ue * ell ge ‘aps \ 1. Williams. Marcl Some customers report 4 years continu 
P. H. Odessy \ D " Controlled Volta e Regulat , \ ous satisfactory operation. 
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the secondary winding will tend to set up a repelling action against tl 
the primary. There will thus be a tendency for the coils to be forced 
ind this will vary with the intensity of the 
current. As the coils move apart the second 
asses progressively into a region &Y 














where it links with a weaker flux, so that 
there will be established a position of balance 
where the mechanical forces due to gravity A, J 
will balance the electromagnetic forces. In . 








dec redasinyg, 


vere will be a tendency for the 
1 
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secondary current to increase, increasing the 














m ] 

repulsivi 
to a higher position, and thus reducing the 
induced electromotive force in the winding, 


ind reestablishing the balance with sub & 
1 
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he ori current value flowing 





action, forcing the secondary coil 






































pasens 


AT a < 
So oe 
_ sare 








= 








Yt aoe 


Stantially t 


through the changed impedance of the load Fig. 48-32 (GI 


he regulation curve of the constant-current transformer can be cot 
| 

which runs the cable supporting the counterweight. Sudden surges and “pur 
ing” are eliminated by means of an oil-filled dashpot attached to the bala 
arm. In some forms of constant-current transformer the element of 
weight is eliminated by making both the primary and secondary coil mova 
and balancing one against the other, the position of maximum mutual ind 
tion being found with both coils close together at the middle of the cent 
leg of the core. The efficiency of constant-current transformers is gene: 
high, but the power factor is likely to be low—seldom over 80% under 
best conditions. These transformers are available in a great variety of 
and types and are built both for air cooling and for oil immersion 


8. Series Capacitors as Regulators. 


Though the regulation of feeder voltages on alternating-current distribut 
systems can hardly be said to come within the field of Instrumentation 
more than the utilization of the saturation characteristics of d-c. generators 
establish normal operating voltages, yet neglect of the possibilities to be fou 
in this relatively new and extremely simple manner of controlling line pot 
Is would render incomplete the picture the authors are trying to present 
The shunt capacitor as a regulator of power factor is well known to 
tribution engineers. Although the ability of the series capacitor to maint 
voltage on a supply line is obvious to students of electrical engineering, 1 ee 
practical application of the principle has been delayed by the lack of capac ; 
providing the necessary capacitance at a reasonable cost, and by the diffi 
in protecting the units against abnormal voltages occurring under short-ciri 


1 


afforded by a special type of spark gap. The capacitor produces a lead 


conditions. These problems have found a solution in the development of . 
filling and impregnating liquid known by the trade name “Inerteen,” whi 
in combination with paper, has a specific inductive capacity equivalent to 
of mica.*” 

Capacitors of this type are connected in series with the line to be regulat pl 
and protection against abnormal voltages due to short circuit conditions ¥ 


voltage proportional to the current flowing, and this combines with shi 
voltage in a manner to produce a high degree of compensation for drop d 
to loading of the circuit. In favor of this system of regulation, there are ci 
the following three characteristics of the method: (1) It is a current-operat 
system; (2) It is instantaneous in operation; (3) It produces wattless curr 
i.e., compensates for inductive loading, and thus tends to improve p 


A series capacitor, being current operated, cannot compensate for variati 
’ 
in bus voltage caused by conditions external to the feeder in which the cap 


t 
\ 


ris connected; but its property of instantaneous action makes it particulat 


lesirable for eliminating flicker of lights due to voltage dips that ordinar 
cCcur when large motor units are connected to the line.*® 
H. 4 | & A. All Con g I Chara 
Vo ' Q 
R. E. M I t | er Capa ) \ 33, Feb 
R. E. M & W. H. ¢ o. S Ca t ( Vol. 33, Marck 





{STRUMENTS’ BOOK SHELF 





ectromagnetic Oscillatory Circuits 
-bhfrequenztechnik, I—Elektromag- 
sche Schwingungskreise.) By J. Kam- 
r. C. F. Winter, Leipsig, 1936. 
57x84 inches, 172 pages. Price 
tM. 
book gives carefully worked out 
itions of the equations governing 
havior of high-frequency circuits. 
s preface, the author sets forth 
se as follows: ‘‘The book is in- 
high frequency 





d to 


serve the 
neer as a connecting link with 


sical fundamentals and to show him 
he can apply these in his practical 
his first volume of a series on high- 
ieney work contains chapters on 
iensers, coils, closed and open oscil- 
circuits and the power losses to 
they are subject. Workers in 
or allied fields will find it a valu- 
reference book giving the prin- 
es and assumptions underlying their 
on formulas. Ease of reference is 
ewhat impaired by the lack of an 
ibetical index. 


] 


I | BourLAND, Research Labora 
ries. Westinghouse Electric & Mf 
ist Pittsburgh, Pa (4.1)-B- 


\ Laboratory Manual of Experiments 
in Physies. By Leonarp Rose INGERSOLL and 


M s Tay Martin. Fourth Edition. Mc- 
Graw-Hill Book Co., New York, 1936. 
Cloth, 54%x8%4 inches, 301 pages. Price 


ry 
The two new experiments which have 
been added in this edition are welcome 
iditions and bring this laboratory 
inual quite up to date, since it was 
completely revised four years ago. 
It is an excellent manual for use In 
lege physics courses. The wide va- 
iety of experiments and the splitting 
longer experiments into parts 
makes it easily adaptable to either 
technical or non-technical students. The 
theory and the thought-provoking 
accompanying each experi- 
ment are desirable features. 
The introductory chapter on labora- 
tory procedure and treatment of data 
good—though the authors continue 
idvocate the method of averaging 
(pages 6 and 7) when the least-squares 
rmulas are almost as easy to use and 
t as easy to understand. The method 
f averaging given in the manual is 
particularly bad when applied to ac- 
celeration experiments as suggested in 
ie note on page 383, since it discards 
all but three of the observations. How- 
ever, this fault is shared py the ma- 


lestions 





+} 


jority of this type of laboratory man- 

ials and, therefore, cannot be consi- 
dered a serious criticism. 

Emerson M. Pucu, Associate Pre 

fessor of Physics, Carnegie Institute of 

Technology, Pittsburgh. (1.2)-B- 


Photo-voltaiec Cells and Their Ap- 
plications. (Die Photoelemente 
Anwendung) By Bruno Lancs 
Ambrosius Barth, Leipzig, 1936. Paper, 
x9 inches. Vol. I, 132 pages, price 9.60 
RM. Vo). II, 94 pages, price 6.75 RM 

Dr. Lange contributes a welcome ad- 
dition to the literature on the interest 
ng and timely subject of photo-voltaic 
ells in these two workmanlike little 
Jumes which are packed with useful 
nformation couched in easily readable 
rerman. 

Part I, “Entwicklung und 
che Eigenschaften,” deals with the 

velopment and the physical proper- 
es of photo-sensitive materials. The 
troduction contains a survey of 
otoelectric fundamentals and _ dis 

es briefly the outer photo-effect and 

ili photocells, the inner photo-effect 
hotoelements ind photo-resistance 
hapter IT concerns itself with the his- 
rical development of the photoele- 
ents under the headings, Electrolytic 
hotoelements, Semi-conductor photo 
is, and Crystalline photoelements 
In Chapter II Dr. Lange discusses at 
me length the various theories con 
rning the semi-conductor photo 
ect. In this discussion he shows “that 
© normal photo-e.m.f. in barrier-laye 
is is determined by the concentra- 








Physika- 


tion relation of the electrons in the 


barrier layer and the semi-conducting 
layer, corresponding to the emission 


centers there present. On the other 
hand, in the case of crystalline cells 
it is determined by the relation of 
emission centers at the entrance point 


of the light and the low electron con 
centration on the unilluminated back 
wall. In the barrier layer no or only 


few emission centers are present which 
lead to a rise in electron concentration 
When illuminated. On the _ posterior 
side of the crystal emission centers are 


present but no light to liberate elee 
trons. The photo-e.m.f. of both forms 
of cell is therefore . not essentially 
different.” Dr. Lange goes on to show 


that the photo current in the two forms 
of cell is very different, however, re 
sulting from differences in path resist 
ance inherent in the crystal and in the 
barrier layer. 

Chapter III deals with the 
properties of semi-conductor cells, spe 
cial attention being given to tempera 
ture dependence, sensitivity in the 
visible spectral region, the effect of 
polarized light, X-ray sensitivity, the 
effect of cathode rays, the effect of a 
magnetic field and frequency depend 
ence. 

Part 2, 


phy sical 


“Technische Anwendung, 
concerns itself first with structure as 
well as sensitivity and performance 
Chapter II then discusses photo-ele: 
tric photometry in which constancy, 
linearity, temperature effect and visual 
sensitivity are taken up before going 
into the various forms of light meters 
for the visible spectral region, photo 
meters for the ultra-violet and X-ray 
regions, and other similar equipment. 
Chapter III deals with exposure meters 
for photographic use; Chapter IV with 
special photometric apparatus; Chapter 
V with the remote transmission of 
coarse measurements; Chapter VI dis- 
cusses the matter of amplification and 
Chapter VII photoelectric switching and 
signaling 

Dr. Lange concludes this treatise with 
i chapter on the applications of photo- 
voltaic cells in various scientific fields 
and their use as sources of energy 

While Dr. Lange has drawn largely 
from his own extensive work in this 
field he has incorporated in these 
volumes the results and ideas of other 
workers to which due credit has been 
given in the rather comprehensive 
bibliography appended. We repeat that 
these volumes are a welcome addition 
to the literature on the photo-voltaic 
effect and its applications 

E. F. Lowry, Director 


Deve pment, Cont 


Amplifiers. (Verstirker) By H. Bark 
HAUSEN, Fourth edition, S. Hirzel, Leip- 
zig, 1933. Cloth, 6x9 inches, 289 pages. 
Price 9 RM 

This volume is the second of a series 
of three (“Elektronen Roéhren”) cover- 
ing the entire electron-tube art. The 
first volume covers completely tube 
theory, characteristics and design; the 
volume now under review treats the 


whole field of amplifiers; the third 
volume (reviewed here last May, page 
132 is a complete treatment of oscil 


lators. The author appropriately di 
vides amplifiers into three main classes 
each requiring a basically different de 
sign treatment (1) preamplifiers, in 
which the main design requirement is 
high amplification with extremely small 
initial power; (2) power amplifiers, in 
which the primary objective of design 
is to achieve the maximum output of 
undistorted power from standard tubes 
and (3) the high power or transmis 
where high efficiency 


sion amplifiers, 
to limit tube heating and secure op- 
erating economy in power costs, is the 


primary objective of design 

The author's technique of treating 
each class of amplifiers is to consider 
first the no-load condition (infinite 
plate load resistance) and the full-load 
condition (plate load resistance zero) 
Simple formulae are deduced evaluat 
ing’ the 
treme (no 
tions In 


principal elements at these ex 
load and full load) condi 


terms of these extremity 
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simple expression: 


‘ pra cal 

e deduced for estimating the value 

f il required design factor any 

n the range betweer For ex 

f power amplifiers a distor 

deduced, based on di 

t t id and full load, whicl 

d iluates the amount of dis 

n to be expected (under a given 

pe iting constants) for iny 

1 rt ! rd ! ‘ it ill 

! or derations with i 

my nd clearness not evel iis 
ppre d bv ot l texts 


Nearly half of the volume is devoted 
T Oo of Circuits’ a comprehen 
study of circuit elements thell 

i cte tic and requirements as 
£ between tubes. Me? 
ist of the section headings for 
Chapter Il will indicate how thorough 


nd complete, yet well-ordered and un 
derstandable this treatise is: (1) Bound 

s of distortion-free operation: grid 
( ‘ facto! plate current as a 
fact (2) Che plat current distor 


ons with constant (J is reciprocal 
mplification factor). The graphi 


problen development by Taylor series 
(3) Distortion-freeness factor ind 
n julation facto Definition of dis- 
tort n-freeness factor approximate 


formule measurement by bridge 
methods. (4) Distortions with varying 

Development by Taylor series; first 
ipproximation second approximation. 
(5) Best position of the operating point 
Three rules graphical construction 
table (6) Deductions. Minimum plate 
equires corresponding mini- 
mun boundary curve of maximum 
permissible plate load. (7) Multi-grid 
t il] irrangement «) 
power amplifiers 


] 


Surmmaryv of 


The printing 2 cleat the diagrams 
vell drawn 

On the whole this volume is a mas- 
terful treatise one that leads the be- 
nner into a sound, basic grasp of the 
iole subject of amplifiers; and to the 
veteral idio technician's mind brings 

more unified, comprehensive view of 

ibject than he had before 


trument 


(5.4)-B- 


How to Build up Furnace Efficiency. 
By Jos. W. Hays. Dunes Publishing Co., 
Michigan City, Ind., 18th Ed. 1936. Cloth 

1, x & inches, 559 pages. Price $3.00 

This book discusses combustion in 
readily understood 


language 


by the fireman but will also interest 
the combustion engineer ind powet1 
plant operator 

Charts and diagrams re used to 


larify certain statements, while ca 
toons are used rather liberally to em 


vhasize some of the arguments The 

nstruments and ipparatus illustrated 

¢ those designed b the iuthor and 
inufactured by the Havs Corp 

\ great many inecdotes are related 

the book to illustrate points that 

the ithor feels should be brought out 

ome emphasis 
R AR R (2.07)-B- 


Handbook of Steum Flow Measure- 
ment. By L. Kk. Si K. Published by The 
Foxboro Co Foxboro Mass Second 


editior 1936. Paper, 5% 7%, inches 
70 pages. Free to power-plant engi 
nee? nd others concerned with prob 
ems of team tlow 

Sink it publication in 19381, the 48 
page first edition has become ilmost 
i Standard reference. This edition, con 
taining 0 more pares of text ind 


tables should prove even more useful 
not only to power-plant engineers but 


to those who have charge of processing 
ipplication ind especially to engi 
neers who. uss team under varying 
pressure ind temperatures. Defects in 
the tvpographi make-up which we 
pointed ut it 1 review of the first 
edition, have not been corrected. How 
eve thre do not lessen the book 
ce of nftormation 
M. F. B ( ~—- 


Television Reception, By Man 
y neal t e¢ } 


\ t i by Oo S Puck 
‘hapmat ind Hall, Ltd., Londor Loe 
! S nehes, X\ 121 page 
r} k de s with the construc 
t ind peration of 1 mod n itl 
] til r for tl ept ! 








THE SIGMA 
SENSITIVE RELA 


iS; ine 
SMA IngrRUMENT®., 
"Simone, massacne®® 





Jewelled movement. Balanced t 
erate in any position. Positive ope: 
ation on 4 milliwatts, D.C. Single 
pole, double throw. Mounts in star 
ard 5-prong tube socket. 


A useful adjunct to 


V.T. controls 
Supervisory and alarm circuits 
Signalling 


LIST PRICE, $10.00 


SIGMA INSTRUMENTS, INC 


388 Trapelo Road Belmont, Massachusetts 








AUDIO OSCILLATOR 





TYPE CR-4 BEAT FREQUENCY 


PRICE 


® Portable, A.C. Operated. 

®@ 10 cps to 20,000 cps. 

® Reed for Calibration Check. 
High and Low Impedance Output 
Direct Reading Dial. Accuracy 2 
Low Hum and Distortion. 

High Output; 30 volts Max. 

Drift after warmup Negligible 


Write for ¢ atalog 
UNITED SOUND ENGINEERING CO 


2231 University Ave. St. Paul, Min 























hort wave television broad 
tis a rather distinet departure 
isual book that has appexured 
the subject of television. In 
idding out his treatment with 
theories and discussions on 
the author presents an inti 
ussion of the actual methods 
iits used in that popular sys- 

: that is so frequently referred 
reports of German. television 
It is a well written (and well 

d) résumé of the problem, with 
the circuits, but also lists of 
ponent parts and their values. 
96 illustrations. The system 

i is not unlike that which is 
England and United States, so 
book presents a worth-while 
sution to both research engineers 
iteur experimenters in this field 
R. R. Batcuer, radio engineer, cath 
up plicatioy becialist, Hollis, 


V. 3 (5.3)-B- 


hemical Engineering Catalog. 21st 
! Reinhold Publishing Corp., 
York, 1936. Cloth, 84% x 11% 
913 pages. Price $10.00, except 
il classes of technical men to 

is lent gratis or sold for $3.00 

mn rolls around again and with 
mes this annual, containing even 
pages of data from firms that use 
means of bringing their products 
prospective purchasers. It al- 

is been the publishers’ policy 

t our advertisers to give de 
d and actually useful information 
each year the Catalog comes 

to its goal: an absolutely com 

nd reliable source of information 
whole group of process indus- 

The sections are the same this 

is last, namely: Trade Name In- 
Equipment and Supplies; Chemi- 
ind Raw Materials, and Technical 

i Scientific Books. Careful cross- 
makes the volume easy to use 
M. | MoorMAN, Associate Editor 
ls & 1/1] : burgh, Pa. (12) 
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Author of “Theory of Alternating 
Current Wave Forms” Comments on 
Critical Review (Instruments, March 


( pagwes 87-89) 


the Editor of IJnstrimment 
not my practice to reply to re- 
wi criticisms, but in the present 
se | feel that certain points call for 
omment. The lengthy criticism of 
reviewer is based, he says, on a 
d reading of the book. It is to 
gretted that this, apparently, did 
include a perusal of the preface, 
there it states “The subject is 
ted generally without reference to 
| fic machines or types of apparatus, 
ut it is hoped to include such matter 
n a later volume.” The reviewer's 
omplaint that “the effect of non- 
nusoidal currents and voltages upon 


tating machines is barely men- 
yned’ s therefore irrelevant. Simi- 
ly, he says that “the importance of 
rmonics in connection with recti- 
rs and rotary converters receives 
int mention.” The writer cannot 
d any mention of them at all. The 
me pplies to your reviewer's re- 
irks about the influence of har- 
nic on the nature of windings of 
hine In view of the statement 

preface, quoted ibove, no 


ogy is therefore needed. 
not proposed to reply to the 
d criticism which follows as, in 
imber of instances, it involves a 
itter of opinion, and your reviewer 
entitled to hold whatever view he 
nes Most differences of opinion 
1) esolve themselves into differ- 
n the definition of terms 
ences of the truth of his state- 
nt that his reading of the book was 
rried are, however, not lacking. For 
mple, he sees an equation on nage 
nd says that so fundamental an 
sufficient to discredit the 
book, overlooking the very 
entence which says that the 
ition does not give ai useful ip 
mation 
Whilst the writer accepts some of 
reviewers corrections, he can- 
sree with him on many points 
' must reserve the right to adhere 
I wn opinions 
Puitip Key 














G-M TYPE “L” RHEOSTATS 
r ~=—s the ACME of 
PERFORMANCE 






L 0.7¢ 4-575 ) ) ) ) $5.63 
L-28-4.0; L-12 { I 8-§ 8: | $6.38 
L-1400-0.70; L-730-1.0; L-520-1.2; L-39 $3.63 
1-52 L-22 L 8.3: 3 x $10.50 
Als t vitl 

FEATURES 
1. Dual Control n ipid I 

specia Insulation between \ t n in 


2 1 

3. Die cast end brackets 

4 Wire of highest quality alloy 
) 


Unusually attractive ppearance ar cellent cde I i b 
Rheostats will gladly be sent on approval to organizations and institutions with approved credit 
WRITE FOR CATALOG* WITH MORE COMPLETE INFORMATION AND PRICES 


G-M LABORATORIES [NC. 


CHICAGO, U. s. A 





1732 BELMONT AVENUE 


\ shown in catalog: Portable Taut 














ANOTHER CONTRIBUTION BY 
ae 
eitz eee 


LEITZ, which has pro- 
vided industry with so 
many useful optical in- 
struments, announces the 
TYNDALLOMETER 


This unique instrument, 
through photometric meas- 
urement of the Tyndall 
light, determines the dust 
content of the air. It’s a portable 
photometer and does not require the 
taking of air samples. 

The TYNDALLOMETER will be 
on exhibition at the coming Metal 
Exposition in Cleveland. Leitz Tech- 
nicians will be glad to explain its use 
and discuss its applications in indus- 
try. 


EK. LEITZ. Ine. 


60 KAST LOTH ST., NEW YORK, N.Y. 


The TYNDALLOMETER, which 
Measures Dust Contents in the 
Air by Visual Observation 






Washington — Chicago 
Detroit 


Western Agents: Spindler and Sauppe, Ine., Los \ngeles, San Francisco 














FUNDAMENTAL APPLICATIONS OF THE CATHODE-RAY OSCILLOGRAPH (Continued from pag 


Another method of measuring the phase displacement, 
when for some reason the inte recepts are not clear, is to 
isure the angle between two radii, drawn in to inter 
sect the points of contact of the ellipse with two tangents 


lrawn pe rpe ndicular to each axis. 


PHASE STUDIES WITIL CIRCULAR DIAGRAMS 


\ method whe reby phass angles can be determined 
with greater accuracy has been disclosed by Marrison 
ind by MacLean and Sivian’’. It is in effect a measure 
ment of the time elapsing between the maxima of the 
two waves. Here a circular diagram is produced, using 
1 rotator circuit to which the reference wave is con 
nected. A sharp pulse is introduced into the anode cir 
cuit (or when available in the cathode-ray tube used, 
into either its focus electrode circuit or the modulation 
grid circuit), by the action of the second frequency. In 


order that possibly large variations of the voltage of 









































the latter frequency do not complicate the measurements, 
Oi 

a t r 

L_.9§.—_J 


Fig. 14 


i special pulse generator is used for this purpose which 
is triggered off at the correct instant by the potential 


wave being studied. The cireuit is shown in Fig. 14. 


In another circuit shown by Marrison’’, used for the 
determination of the phase shift through certain tel 
phone circuits and networks, a reference frequency is 
used to supply a circular time base as above and is also 
connected to the network under test. The output of the 
network is connected to a pair of deflection coils which 
ire rotated around the cathode-ray tube until the phase 


shift is neutralized on the diagram. 


PHASE STUDIES WITIL SUPERPOSED DIAGRAMS 


\ simple arrangement, useful in illustrating phase re 
lations, resonance and other characteristics of circuits, 
has been used by the RCA-Victor Co. in educational lec 
tures for radio service men. A vibrator of the type used 
n auto radio receiver power supply systems is used in 
conjunction with one oscillograph (or several) to show 
i number of circuit effects wherein current and voltage 
Waves are superimposed in their proper phase relation. 
his vibrator is so connected that it rapidly switches 
two portions of the circuit alternately to one pair of 
deflection plates, as shown in Fig. 15. Such a vibrator 
depending upon the make and adjustment ) operates 60 
or 80 times a second. In order that complete waves be 
shown, the phenomena under investigation must be con 
nected to a frequency source higher than the vibrator 
frequency. The RCA uses a frequency higher than audi 
bility during these demonstrations. Fig. 15 has been 
idapted from the circuit which they have found most 
useful, and re presents a combination of several se parate 


; 


tests. An alternating current is applied to a coil induc 
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tance or a resistance through a current shunt k 
current through this shunt produces a _ voltage 
which is applied to the deflection plates through th 





RCA Vibrator No- 7604 CO 


Through amp/i 7; 
to deflection pla 





























a 
a | + 
~w oR To inter/ock 
° J 
} 
Fig. 15 


set of contacts on the vibrator, incidently being am; 
fied by the internal amplifier in the “ype TMV 1228 
oscillograph. During the alternate closure within 
vibrator the drop across L, C, or R is depicted in th 
same way, the switching occuring at so rapid a rate 


both curves appear superimposed to the eye. 





Fig. 16 


Other electronic switch devices, described in the M 
article under the heading of Multiple Diagrams, 
accomplish the same thing with a wider and more flex 





range of switching frequencies. In these devices 
change from one wave-form to the other occurs 
extremely rapid rate, so fast that the visible lines 
in reality each made up of a series of dots or 
dashes. ‘The movement from one trace to the other 
rapid, it is claimed, that it remains invisible during 


Of 
changeover interval, a matter of one microsecond. thd 
In this way it is not necessary that the elect 45 


switch operation be synchronous with the wave so 
under investigation, and all phase displaceme nts are 
rectly delineated. It is necessary that any de flect 
amplifiers when used with this equipment, be desig 
to pass not only the frequencies under investigation 
also a radio frequency switching frequency as well 
16 illustrates a switch of this type from Electrolab. | 
in conjunction with their cathode-ray oscillograph EN 
To Be Contu 





over and under-heatiuj3 
@ KEEP EACH ROOM 

AT THE RIGHT TEMPERATURE 
@ REDUCE HEATING COSTS 15 TO 402 
@ INCREASE OUTPUT OF WORKERS 

@ IMPROVE QUALITY OF YOUR PRODUCT 


@ SAVINGS OFTEN PAY BACK COST OF 
POWERS CONTROL IN 1 TO 3 YEARS 





Phone or Write for Estimate 
of cost of POWERS Control for 
your heating system — THE 
POWERS REGULATOR 

3 & ie Greenview 


Avenue, Chicago. 






Offices in 


45 Cities—See Your Phone Directory 
Years of Temperature and Humidity Control jer 
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Automatic 


_ 
EMPERATURE and HUMIDITY CONTROL 








ASKANIA 
REGULATOR CO. 


1603 South Michigan Avenue 
Chicago, Illinois 
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CHICAGO 





Here is your opportunity to become a leader in the field of 


your own specialization. 


Our home study course on the "Theory and Technique of 
Inventive Practice’’ has been revised greatly enlarged, and 
improved by the incorporation of results from past exper 
ence and teaching. It is modern in methods of instruction 


and the terms have been made easy for you 


We are ready to help you toward your life's ambition 
NOW IT IS UP TO YOU." Write today for your copy of 


our new illustrated catalog 


TROFIMOV SCHOOL OF INVENTIVE PRACTICE, INC 


3859 Northampton Rd., Cleveland Heights, Ob 
Please send me, without obligation, y atalog 

Name 

Address 

City State 
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in this department we list each month the printed matter issued by manufacturers. Unless otherwise noted, any ty A R D N E « 
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WIND ana WEATHER 


from every quarter report on instruments of FRIEZ for all 
purposes of Science and Industry . . . An array of Wind 
Indicators and Recorders that cannot be matched in any 
other single display reflects an engineering career in wind 


problems that challenges your interest. 


JULIEN P. FRIEZ & SONS, Inc., Baltimore, Md. 


“The Makers of America’s Weather Instruments 
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Wea BIMETAL FEDERAL 


4 ) 
Wea, Wee CONTROLS AIR TEMPERATURES FOR RS 
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GENUINE DETROIT 
THERMOSTAT 


DetROIT [UBRICATOR COMPANY 
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To maintain the high standard 
already established by Genuine 
Detroit products, the Detroit 


- 5 rs Z _- 
Lubricator Company, uses only ° 
Chace Thermostatic Bimetal. FULY$ 


Manufacturers whose products ? / 
call unfailing automatic You Know You re RIGHT: 


for 
action at predetermined tem- 
peratures or whose object it 
is to hold temperature within 
a close given range, will find know quickly and definitely what the facts are if you use 
Chace Thermostatic Bimetal a Federal Indicator. Send for descriptive catalog 


a most reliable servant. 
FEDERAL PRODUCTS CORP. 
W. M. C H A C —E € o} 1144 EDDY STREET, PROVIDENCE, R. I. 


1609 Beard Avenue - - - Detroit Mich. Detroit * Chicago * Muncie * Cleveland * New York 


Federal Indicators insure precision on thousands of 
operations on hundreds of commercial products. You 
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Have me supplied with a copy of each 
piece of Manufacturers’ Literature listed 
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Firm 

Street and 
City 


2S Aireraftt EXngine Synchroscope. 


ee I leal catalog insert de- 
synchroscope for multi-engine 
Clipse \vintion Corp Kast 
J 
Kilectrical Maintenance Tools, 
‘ 10” Catalog and Reference 
eontains numerous brief 
ussions in addition to the 
listings f products 


utatol Dresser Co sSyca 


L330 Float-operated Valves and 
Switches, $2-puxze S1.” 11” complete 
catalog cove) entire line of devices 
pertaining I ler water level control 
McDonnell & Miller, Wrigley Bldg., Chi- 
Cuk 11] 

speed Measuring Instruments. 
f-page leaflet Circular 565" describes 
t hoscope and speed in 
ill portable James G. Biddle 
13 Arch St., Philadelphia, Penn 


ichometers tic 


dicato1 


Resistance ‘Tester, 4d-puge 8&8 
10144” Bulletin (0 describes Bridge 
Mex ind i loop “Bridge-Meg 
resistance tes 3. James G Biddle Co., 
Vhiladelphia, Penn 
' Tester. {-page 8” 
Bulletin 1475 describes ‘Me 
Megevel 4 sund testers. James G 
Co 2 13 Arch St., Philadel 
enn 
334 Rheostats, 2-page Bulletin 1450 
ibes “Jagabi line of slider ty} 
James G. Biddle Co., 1211-138 
Philadelphia, 
srated Controllers, $2- 
Catalog 8901 contains 


Penn 


engineering discussions and full-page 


illustrations of operating principles as 
well a catalog descriptions of auto- 
matic control instruments. The Brown 
Instrument Co., 4482 Wayne Ave., Phila 
delphia Penn 

D336 Radio Servicing Iustruments. 
Cireul RIG ¢ broadside pening to 
hha 27”) contains specifications of 16 
fundamental test instruments, each de 
signed for particular phase of service 
work Westor Kleetrical Instrument 
Co 991 Krelinghuysen Ave Newark, 
N. J 

D337 Reeording KSleectrical Instru- 
ments. Bulletin 836 is an issue of “The 
Graphic containing an article by P. M 
Tibou in Which the iuther describes 
savings effected in his plant through 
the use of recorders The Eesterline 
Angus Co., Indianapolis, Ind 

D338 “Brush Strokes.” The September 

36 issue of this 12-page pocket-size 
iblication has a feature article on 

iv communicating systems and 
speakers Brush Development 
East 40th & Perkins, Cleveland, O 

D339 Beat Frequency Audio Oscil- 
lator. 2-page circular 208-C, blueprint, 
mimeographed sheets ind loose-leat 
innotated photograph present 
plete description of new Type 
United Sound Engineering co.. 
University Ave., St. Paul, Minn 

D340 Core Hardness Tester. Loose- 
leaf Pages 41 and 42 of maker's pocket- 
size catalog describe new No. 670 core 
hardness tester. Harry W. Dietart Co., 
676 A West Grand Blvd., Detroit, Mich 

D341 Graft Gages. Bulletin 
33-l) describes new edgewiste 
dry type gages Defender \utomatic 
Regulator Co., St. Louis, Mo 

D342 COs Recorder. S-page 81.” Li” 
Bulletin 9-C describes COs indicators 
ind recorders and tlue gas temperature 
indicators and recorders, as well as ac 
Defender Automatic 
lator Co., St. Louis, Mo 

D343 Psychrometer, 4-page 81.” ob bad 
bulletin describes new portable form of 
ventilated and sling psychrometers, 
ilso hygromete rs thermometers 
G.M. Mfg. Co 151, Madison 
Square Station, } d City. 

D344 Engine Fuel Flowmeter, Loos: 
leaf catalog insert describes remote 
reading tlowmeter developed for ait 
raft but applicable to industrial in 
stallations. Eclipse Aviation Corp., East 
Orange N. J 

D345 COo Meters. 24-page 81.” Sb Sos 
Data Book 403” contains engineering 
discussions as well as descriptions of 
new line of COs instruments. Republic 
Flow Meters Co., 2249 Diversey Pkwy 


1zo 1] 
) Portable Potentiometers, 4-pace 
: 11” bulletin illustrates and de 
scribes portable potentiometer in which 
modified Howell bridge does away 
tandard cell. Hurl 

imbra Way Pitts 
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